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CHAPTER I - INTRODUCTION
M ath em atica l m odels have been u t i l i z e d  and a r e  b e i ng  f u r t h e r  
d e ve l o pe d  t o  s i m u l a t e  a i r  q u a l i t y  c o n d i t i o n s  in r u r a l  and urban 
a r e a s .  Model ing i s  one t oo l  which can be used in d e v e l o p i n g  a i r  
q u a l i t y  management  s t r a t e g i e s  f o r  l a r g e  c i t i e s  in t h a t  wi t h  t he  
use  o f  c e r t a i n  mode l s ,  p r e d i c t i o n s  o f  h o u r l y  or  annual  a i r  p o l ­
l u t a n t  c o n c e n t r a t i o n s  can be made based  on c e r t a i n  i n p u t  p a r a ­
m e t e r s .  Ai r  p o l l u t i o n  mode l i ng  r e s u l t s  have been shown to be 
h i g h l y  c o r r e l a t e d  wi t h  a c t u a l  a i r  q u a l i t y  measurement  d a t a ,  t hus  
q u a l i f y i n g  them as v a l u a b l e  p r e d i c t i v e  t o o l s .
Ai r  q u a l i t y  model s  have been e x t e n s i v e l y  used t h r o u g h o u t  
t h e  Uni t ed  S t a t e s  t o  i d e n t i f y  p o t e n t i a l  v i o l a t i o n s  o f  t h e  Na t i ona l  
Ambient  Ai r  Q u a l i t y  S t a n d a r d s  (NAAQS). The need f o r  a i r  q u a l i t y  
model s  i n t he  devel opment  and r e v i s i o n  o f  S t a t e  I mp l e me n t a t i on  
P l a ns  (SIP)  and r e l a t e d  c o n t r o l s  s t r a t e g i e s  was i d e n t i f i e d  as 
e a r l y  as 1969.  (1)  However ,  due t o  t h e  overwhelming i n i t i a l  
r e q u i r e m e n t s  o f  t he  Clean Ai r  Act  o f  1970,  i t  h a s . n o t  g e n e r a l l y  
been p o s s i b l e  t o  use a i r  q u a l i t y  models  t o  t h e  opt imum e x t e n t .
In r e c e n t  y e a r s ,  however ,  a i r  q u a l i t y  model i ng has been r e q u i r e d  
i n  new s o u r c e  r ev i ew programs t o  i n s u r e  a t t a i n m e n t  and ma i n t enance  
o f  NAAQS, and t o  p r e v e n t  s i g n i f i c a n t  a i r  q u a l i t y  d e t e r i o r a t i o n  
(PSD).
The 1970 Clean Ai r  Act  ( as  amended) mandated a l l  s t a t e s  t o 
i d e n t i f y  a r e a s  t h a t  a r e  i n  v i o l a t i o n  o f  t he  NAAQS. In a d d i t i o n ,  
a l l  s t a t e s ,  p u r s u a n t  t o  40 CFR 51 . 12  ( c ) ,  a r e  r e q u i r e d  t o  i d e n t i f y
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a r e a s  t h a t  have t he  p o t e n t i a l  t o  be in v i o l a t i o n  o f  any NAAQS 
ove r  t he  1 0 - y e a r  p e r i o d ,  1975-1985.  These e x i s t i n g  and p o t e n t i a l  
a r e a s  a r e  c a l l e d  Ai r  Q u a l i t y  Mai nt enance  Areas  (AQMA); t hey  a r e  
i d e n t i f i e d  by t he  s t a t e s  and r evi ewed by t he  ERA A d m i n i s t r a t o r .  (2) 
For  each p o l l u t a n t  in each o f  t he  AQMAs f o r  which a n a l y s i s  i n d i ­
c a t e s  a p o t e n t i a l  p r ob l em,  t a i l o r e d  ma i n t ena nce  s t r a t e g i e s  must  
be s u b m i t t e d .  In j u s t  a b o u t  e ve r y  s t a t e  where an AQMA e x i s t s ,  
model i ng o f  some t ype  i s  used in e s t i m a t i n g  c o n c e n t r a t i o n s  and 
in a s s e s s i n g  t he  adequacy  o f  c o n t r o l  s t r a t e g i e s .
Of t h e  f i f t y - f i v e  s t a t e s  a n d / o r  t e r r i t o r i e s ,  t we l ve  have no 
AQMAs. L o u i s i a n a  i s  one o f  t he  f o r t y - t h r e e  s t a t e s  o r  t e r r i t o r i e s  
t h a t  have AQMAs, wi t h  t h e  l o c a t i o n  be ing S h r e v e p o r t ,  which encom­
p a sse s  9 p e r c e n t  o f  L o u i s i a n a ' s  p o p u l a t i o n  and 5 p e r c e n t  o f  t he  
l and  a r e a  i n  t he  s t a t e .  (3)
Al t hough L o u i s i a n a  has  t h r e e  o t h e r  l a r g e  i n d u s t r i a l  and 
commercial  a r e a s  (Lake C h a r l e s ,  Baton Rouge and New O r l e a n s ) ,  
th ey  were no t  c o n s i d e r e d  t o  pose  t he  p o t e n t i a l  t o  be i n v i o l a t i o n  
o f  any NAAQS ove r  t h e  1 0 - y e a r  p e r i o d ,  1975-1985.  The d e c i s i o n  by 
t h e  L o u i s i a n a  Ai r  Con t r o l  Commission no t  t o . d e s i g n a t e  t h e s e  t h r e e  
l a r g e  a r e a s  as AQMAs i s  q u e s t i o n a b l e .
With t h e  many and v a r i e d  ty p e s  o f  i n d u s t r y  i n t h e  New Or l eans  
S t a n d a r d  M e t r o p o l i t a n  S t a t i s t i c a l  Area (SMSA), an a r s e n a l  o f  a i r  
p o l l u t i o n  models  shou l d  be a v a i l a b l e  t o  a n a l y z e  a i r  p o l l u t i o n  
problems which may a r i s e .  U n f o r t u n a t e l y ,  urban a i r  q u a l i t y  
model i ng has no t  been done i n t h e  New Or l eans  SMSA nor in  any , 
o t h e r  L o u i s i a n a  c i t y .  The Lo u i s i a n a  Ai r  Con t r o l  Commission does 
use  an a i r  p o l l u t a n t  d i s p e r s i o n  model t o  p r e d i c t  a t mos phe r i c
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c o n c e n t r a t i o n s  i n  t h e  i mmedia te  a r e a  around p o i n t  s o u r c e s .  Thi s  
d i s p e r s i o n  model u t i l i z e s  t he  e mi s s i o n  i n v e n t o r i e s  f o r  each p o i n t  
s o u r c e ;  however ,  i t  does n o t i n c o r p o r a t e  c o n s i d e r a t i o n  o f  many 
o t h e r  p a r a me t e r s  t h a t  a r e  n e c e s s a r y  in urban d i f f u s i o n  mode l i ng .
In L o u i s i a n a ,  j udgement s  c o n c e r n i n g  a l l o w a b l e  e mi s s i on  r a t e s  
and t he  g e o g r a p h i c a l  p l acement  o f  new s o u r c e s  t h a t  may cause  
s p e c i f i c  a i r  q u a l i t y  l e v e l s  t o  be exceeded or  t h a t  may c o n t r i b u t e  
s i g n i f i c a n t l y  t o  e x i s t i n g  v i o l a t i o n s  a r e  made by a i r  p o l l u t i o n  
p r o f e s s i o n a l s  u s i ng  s h o r t - t e r m , s i n g l e - s o u r c e  o r i e n t e d  d i s p e r s i o n  
model ing t e c h n i q u e s .  These p r o c e d u r e s  a r e  p r oba b l y  a d e qua t e  f o r  
c i t i e s  and p a r i s h e s  where t h e r e  i s  minimal  or  no growth e xpe c t e d  ; 
however ,  a program s hou l d  be d e s i g n e d  t o  c o n s i d e r  t h e  impact  of  
f u t u r e  growth and deve l opment  on a i r  q u a l i t y ,  and t o  deve l op  con­
t r o l  s t r a t e g i e s ,  where needed ,  t o  e n s u r e  t h a t  a i r  q u a l i t y  w i l l  no t  
d e t e r i o r a t e  f rom t h e  NAAQS in  l a r g e  c i t i e s  such as New O r l e a n s ,  
Baton Rouge,  and Lake C h a r l e s .  The i mp l e me n t a t i o n  o f  such a p r o ­
gram f o r  a i r  q u a l i t y  management  has t o  i n vo l ve  e x t e n s i v e  use  of  
v a r i o u s  a v a i l a b l e  a t mo s p h e r i c  s i m u l a t i o n  model s .
The o v e r a l l  pur pose  o f  t h i s  s t u d y  was to  a p p l y  EPA's 
C l i m a t o l o g i c a l  D i s p e r s i o n  Model t o  t h e  New Or l eans  SMSA and 
v a l i d a t e  i t s  a p p l i c a t i o n  f o r  t o t a l  suspended p a r t i c u l a t e  (TSP) as 
t he  p o l l u t a n t  o f  i n t e r e s t .  The a p p l i c a t i o n  and v a l i d a t i o n  o f  t he  
COM w i l l  s e r v e  as an i n i t i a l  s t e p  i n  t he  deve l opment  o f  an a i r  
p o l l u t i o n  c o n t r o l  s t r a t e g y  program.  Wi t h i n  t h e  s t u d y  d e s i g n ,  
a d d i t i o n a l  p a r a me t e r s  have been i d e n t i f i e d  whi ch ,  i f  d e t e r mi n e d ,  
can be o f  p r a c t i c a l  s i g n i f i c a n c e  t o  an a i r  c o n t r o l  agency.
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To a c h i e v e  t h e  s t u d y  o b j e c t i v e s ,  two s t u d y  a r e a s  were c hos en .  
The COM was a p p l i e d  t o  t he  e n t i r e  New Or l eans  SMSA and v a l i d a t e d  
f o r  t h a t  s t u d y  a r e a .  Then,  t h e  COM was a p p l i e d  t o  a 3 mi l e  by 5 
mi l e  a r e a  a round  t h e  New Or l e a n s  Gr a i n  E l e v a t o r  and v a l i d a t e d  f o r  
t h a t  s t ud y  a r e a .  The o v e r a l l  s t a t i s t i c a l  compar i s ons  o f  d a t a  from 
both s t udy  a r e a s  w i l l  be e v a l u a t e d  f o r  t he  v a l i d a t i o n  p r o c e s s .
In o r d e r  t o  a pp l y  t he  COM t o  both a r e a s ,  p o i n t  s o u r c e  e mi s s i ons  
and a r e a  s o u r c e  e mi s s i o n s  were de t e r mi ne d  f o r  each s t u d y  a r e a ,  
m e t e o r o l o g i c a l  d a t a  o b t a i n e d ,  s a mpl i ng  da t a  c o l l e c t e d  and compi l ed 
and a r e a  s o u r c e  e mi s s i o n s  " smeared"  p r o p o r t i o n a t e l y  ove r  each p a r i s h  
by t h e  use o f  a Co mp u t e r - As s i s t e d  Area Source  Emi s s i ons  Gr i dd i ng  
Pr oc edur e  (CAASE).  D e t e r m i n a t i o n  o f  p r e d i c t e d  a i r  q u a l i t y  l e v e l s  
o f  TSP i n  t h e  Gr a i n  E l e v a t o r  St udy as wel l  as New Or l e a ns  SMSA s t udy  
were compared s t a t i s t i c a l l y  wi t h  6 months s ampl i ng  d a t a  i n t h e  Grain 
E l e v a t o r  St udy and y e a r l y  s a mp l i ng  d a t a  in t he  SMSA s t u d y  by 
r e g r e s s i o n  a n a l y s i s .
Cha p t e r  I I  o f  t h i s  s t u d y  i s  a l i t e r a t u r e  r ev i e w o f  t h e  v a r i o u s  
m u l t i - s o u r c e  model s  used in a i r  q u a l i t y  a n a l y s i s  i n c l u d i n g  COM. 
Cha p t e r  I I I  w i l l  d i s c u s s  t he  v a r i o u s  methods and a p p r o a c h e s  t o  da t a  
c o l l e c t i o n ,  COM c a l i b r a t i o n ,  and COM o u t p u t  wi t h  r e s p e c t  t o  each 
phase  o f  th e  s t u d y .  Cha p t e r  IV i s  a d i s c u s s i o n  o f  t h e  r e s u l t s  of  
t h e  COM r uns  wi t h  r e s p e c t  t o  TSP c o n c e n t r a t i o n  i n  bo t h  s t u d y  a r e a s  
and t h e  r e s u l t s  o f  t h e  r e g r e s s i o n  a n a l y s i s  and c o r r e l a t i o n  c o e f ­
f i c i e n t  s t a t i s t i c  t e s t s .  The f i n a l  c h a p t e r  i s  a summary o f  t he  
s t u d y  and a d i s c u s s i o n  o f  some g e n e r a l  o b s e r v a t i o n s  made by t h e  
a u t h o r  wi t h  r e s p e c t  t o  (1)  Sampl i ng s t a t i o n  r e l o c a t i o n ,  (2)  TSP hot  
s p o t s  w i t h i n  t h e  c i t y ,  (3)  New Or l e a ns  Gra in  E l e v a t o r ,  (4)  Sources  
o f  e r r o r  a nd ,  (5)  P o l i t i c a l  e f f e c t s  on COM mode l i ng .
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CHAPTER I I  - LITERATURE REVIEW
In o r d e r  t o  de v e l o p  and m a i n t a i n  an e f f e c t i v e  a i r  q u a l i t y  
management  program i n  New O r l e a n s ,  a met hodo l ogy  f o r  r e l a t i n g  
p o l l u t a n t  e mi s s i o n s  t o  ambi en t  a i r  q u a l i t y  i s  n e c e s s a r y .  Thi s  
met hodol ogy i s  needed so t h a t  c o n c l u s i o n s  can be drawn r e g a r d i n g  
t he  i mpac t  o f  c i t y  growt h i n  t h e  n e x t  t e n  t o  t went y  y e a r s  and 
t he  p o t e n t i a l  o f  s e l e c t e d  c o n t r o l  s t r a t e g i e s  f o r  m a i n t a i n i n g  
d e s i r a b l e  a i r  q u a l i t y  l e v e l s .  The most  commonly used met hod­
ology f o r  r e l a t i n g  e m i s s i o n s  and a i r  q u a l i t y  i s  an a t mo s p h e r i c  
s i m u l a t i o n  mo d e l .
An a t m o s p h e r i c  s i m u l a t i o n  model can be d e f i n e d  as a ma t he ­
ma t i c a l  d e s c r i p t i o n  o f  p o l l u t a n t  t r a n s p o r t ,  d i s p e r s i o n  and t r a n s ­
f o r ma t i o n  p r o c e s s e s  t h a t  o c c u r  i n  t h e  a t m o s p h e r e .  (4)  Such a 
model ,  i n  i t s  s i m p l e s t  f o r m,  p r e d i c t s  a t m o s p h e r i c  p o l l u t a n t  c on ­
c e n t r a t i o n s  as  a f u n c t i o n  o f  e m i s s i o n  r a t e s ,  background c on c e n ­
t r a t i o n s  and a t m o s p h e r i c  c o n d i t i o n s .  In e s s e n c e ,  t h e  a t m o s p h e r i c  
s i m u l a t i o n  model i s  used t o  c o n v e r t  p o l l u t a n t  e mi s s i o n s  d a t a ,  
background c o n c e n t r a t i o n s  and a t m o s p h e r i c  c o n d i t i o n s ,  i n t o  
ambi ent  a i r  p o l l u t a n t  c o n c e n t r a t i o n  e s t i m a t e s .  The model i s  an 
a n a l y t i c a l  t o o l  t h a t  can a i d  i n  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  o f  
c o n t r o l  s t r a t e g i e s .
Ther e  a r e  s e v e r a l  a t m o s p h e r i c  s i m u l a t i o n  models a v a i l a b l e  
t o  p r o f e s s i o n a l  a i r  q u a l i t y  a n a l y s t s .  These  models  va ry  in d a t a  
r e q u i r e m e n t s ,  c o m p l e x i t y ,  a c c u r a c y ,  and a p p l i c a b i l i t y .  S i nce  
t h i s  s t u d y  i s  f o c u s e d  on a l l  s o u r c e s  o f  a i r  p o l l u t i o n  in a
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m e t r o p o l i t a n  a r e a ,  and t h e i r  e f f e c t s  on a i r  q u a l i t y ,  t h i s  l i t e r ­
a t u r e  r ev i ew w i l l  be c e n t e r e d  on m u l t i - s o u r c e  mode l s .  There  a r e  
t en  m u l t i - s o u r c e  model s  t h a t  r e l a t e  e mi s s i o n s  t o  a i r  q u a l i t y .  (5)  
These models  a r e  i d e n t i f i e d  and d e s c r i b e d  in t he  f o l l o w i n g  o r d e r :
(1)  Ro l l b a c k  Model
(2)  Appendi x J HC-0^ R e l a t i o n s h i p
(3)  M i l l e r - H o l z w o r t h  Model
(4)  Ha n n a - Gi f f o r d  Model
(5)  HIWAY Model
(6)  Ai r  Q u a l i t y  Di s p l a y  Model
(7)  Sampled Ch r o n o l o g i c a l  I n p u t  Model
(8)  APRAC - lA
(9)  SAI Phot ochemi ca l  Model
(10)  C l i m a t o l o g i c a l  D i s p e r s i o n  Model
There  a r e  many p a r a me t e r s  t o  c o n s i d e r  when c h oos i ng  a model  
f o r  a i r  q u a l i t y  a n a l y s i s .  Data r e q u i r e m e n t s ,  model o u t p u t s  and 
g e ne r a l  pe r f o r ma n c e  o f  t he  b e f o r e - d e s c r i b e d  models a r e  summar ized 
i n Tab l e  1.  A l s o ,  Tab l e  2 i n d i c a t e s  t h e  a p p l i c a b i l i t y  o f  each 
model t o  an a n a l y s i s  o f  each o f  t h e  NAAQS p o l l u t a n t s .  (6)
Ro l l ba ck  Model
The r o l l b a c k  mode l ,  de ve l oped  by de Nervers  and Mo r r i s ,  (7)  
i s  based on t h e  s i mp l e  e x p r e s s i o n  r e l a t i n g  p o l l u t a n t  c o n c e n t r a t i o n s  
(X) t o  p o l l u t a n t  e mi s s i o n  r a t e s  (Q) and a background c o n c e n t r a t i o n  
( b ) .
X = KQ + b.
The r o l l b a c k  model assumes t h a t  t h e  d i s p e r s i o n  p a r a m e t e r  (K)







Emission logical tra tio n Ease of Avail- Reli-
Applic-
a b il i ty
Model Name cation cation Data Data Estimates Use a b ili ty a b il i ty to AQAS
Rollback Any Any 1 1 3 1 1 3 3








Annual 1 2 3 1 1 1 3
Hanna-
Gifford SOg.TSP 1-24 hr 2 5 2 2 1 1 2
w/PS® model SOg.TSP 1-24 hr 3 5 1 2 2 1 1
w/HIWAY CO 1-24 hr 3 5 1 2 2 1 1
AQDM, COM SOg.TSP Annual 3 4 1 1 3 2 1 1
S C n f, RAM̂ SOg.TSP 1-24 hr 3 5 1 1 3 3 2 1
APRAC-IA CO 1-24 hr 3 5 1 3 2 2 1
SAI^ CO.NOg.O^ 1-10 hr 2 5 2 3 3 2 2
Point Source
These models are curren tly  in a developmental and debugging phase; they are not availab le  fo r general 
d is tr ib u tio n  as computer programs.
o*
%
Key to  Table 1
A. Pollu tant Specification 
Any po llu tan t
Specific Pollutants (SOg, TSP, CO, 0^, NOg)
B. Averaging-time Specification 
Any averaging-time
Annual Average 
1 to 24 hour Average
C. Emission Data
1. Area-wide Emissions Total
2. Total emission d is tribu ted  as f in i te  area 
sources
3. Detailed po in t, l i ne ,  and area sources
D. Meteorological Data
1. None
2. Average wind speed
3. Average wind speed and mixing height
4. Frequency d is tr ib u tio n  of wind d irec tio n , 
wind speed, s ta b i l i ty ,  and mixing height
5. Hourly variations of wind d irec tio n , wind 
speed, s ta b i l i ty ,  and mixing height
E. Concentration Estimates
1. Estimates a t  any specified  point
2. One estim ate for each area source grid
3. One estim ate applicable to  e n tire  AQMA
F. Ease of Use
1. S lide-ru le
2. Small computer e ffo r t
3. Major computer e ffo r t
G. A vailab ility
1. Open l i te ra tu re
2. National Technical Information Service
3. EPA, upon request
H. R e liab ility
1. Can be verified  and calib ra ted
2. V erification is  incomplete, p o ss ib ility  
of ca lib ra tio n  is  uncertain
3. Questionable; acceptable fo r crude 
estim ates only
I . A pplicability  to  Air Quality Analysis System 
(AQAS)
1. Can d istinguish  between specific  source 
and land use type
2. Can d istinguish  between land use types <ofD
only 00
3. Considers no d is tin c tio n  between sources 
or land uses
Table 2 Models Applicable to  Specific Pollutants and Averaging Times
Pollutant and A lternative Models
Averaging Times Preferred Model Model Condition of A pplicability
SOg.TSP 1. AQDM 1. Hanna-Gi fford Users's computer f a c i l i t ie s  inadequate







Complex topography and/or meteorology 
Complex topography and/or meteorology
No circumstances currently  envisioned 
permit i t s  use
SOg.TSP 1. AQDM ® 1. SCIM,^ RAM A vailab ility











Users's computer f a c i l i t i e s  inadequate 






Complex topography and/or meteorology
No circumstances currently  envisioned 
permit i t s  use
CO














1. Rollback Demonstration th a t Appendix J is  not 
applicable to region
NOg 1. Rollback
Annual 2. Single-source 
models
S ta tis t ic a l conversion of averaging times required.





"Usable only when atmospheric chemical reactions are not s ig n ifican t over the impact area.
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does n o t va r y  wi t h  t ime o r  wi t h  t h e  s o u r c e - r e c e p t o r  r e l a t i o n s h i p ,  
and t h a t  changes  in e mi s s i o n  r a t e s  a r e  un i f or m a c r o s s  t h e  a r e a .  
Thus t h e  r e l a t i o n s h i p  o f  e mi s s i o n s  (Qgg) and a i r  q u a l i t y  i n  a 
f u t u r e  y e a r  (Xgg) t o  t h e  e mi s s i o n s  and a i r  q u a l i t y  ( ^base^
in a base  y e a r  can be e x p r e s s e d  by t h e  f o l l o w i n g  p r o p o r t i o n a l i t y :
^ 85 " ^  = ^85
^ b a s e " ^  ^base
The b a s i c  a s s u mp t i on  in  t he  model i s  t h a t  a g i ven  p e r c e n t  
r e d u c t i o n  o r  i n c r e a s e  i n  p o l l u t a n t  e mi s s i o n s  w i l l  r e s u l t  i n  a 
s i m i l a r  r e d u c t i o n  or  i n c r e a s e  in a mbi en t  a i r  c o n c e n t r a t i o n s .  I t  
i s  s i mpl y  a t oo l  f o r  s c a l i n g  c o n c e n t r a t i o n s  up o r  down t o  r e f l e c t  
s i m i l a r  changes  i n o v e r a l l  p o l l u t a n t  e mi s s i o n  r a t e s .
The r o l l b a c k  model i s  a p p l i c a b l e  t o  most  p o l l u t a n t s  and 
a v e r a g i n g  t i me s  f o r  which a p p r o p r i a t e  d a t a  a r e  a v a i l a b l e .  (4)  
I n pu t  t o  t h e  r o l l b a c k  model r e q u i r e s  t o t a l  a r e a - w i d e  e mi s s i o n s  
f o r  t he  ba s e  y e a r  and f o r  1985 o r  o t h e r  y e a r s  o f  i n t e r e s t .  A 
p o l l u t a n t  c o n c e n t r a t i o n  r e p r e s e n t a t i v e  o f  a i r  q u a l i t y  f o r  t h e  
a r e a  and t h e  a v e r a g i n g  t ime o f  i n t e r e s t  i s  a l s o  n e c e s s a r y .  I t  
shoud be n o t ed  t h a t  s i n c e  t h e r e  i s  no a l l owa nce  f o r  s p e c i f y i n g  
t he  d i s p e r s i o n  pa r a me t e r  (K) or  o t h e r  m e t e o r o l o g i c a l  p a r a m e t e r s ,  
t h i s  model c a n n o t  be used to  e s t i m a t e  c o n c e n t r a t i o n s  a t  s i t e s  
where r e p r e s e n t a t i v e  a i r  q u a l i t y  d a t a  do no t  e x i s t .
An e x p a n s i o n  o f  t h e  s i mp l e  r o l l b a c k  p r o c e d u r e  i s  c a l l e d  
Modi f i ed  R o l l b a c k .  Modi f i ed  r o l l b a c k  i s  a t e c h n i q u e  f o r  c o n s i d ­
e r i n g  a r a ng e  of  s ou r c e  c a t e g o r i e s  f o r  t h e  p o l l u t a n t  be i ng  
e v a l u a t e d .
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I t  can be e x p r e s s e d  a s :
N
Z
^85 = 1=1 ^ 1^8 5 ,
N
^bas e  I
1=1 ^^I^Base
where G I s  a growth f a c t o r ,  e . g .  t he  r a t i o  o f  p o p u l a t i o n  p r o ­
j e c t e d  to  1985 v e r s u s  p o p u l a t i o n  In t h e  base  y e a r ,
F I s  t h e  e mi s s i o n  f a c t o r  r a t i o ,  e . g . ,  t h e  r a t i o  of
e x p e c t e d  e mi s s i o n s  per  u n i t  o f  p o p u l a t i o n  In 1985 
to  e mi s s i o n s  per  u n i t  o f  p o p u l a t i o n  In t h e  base  y e a r ,
N I s  t h e  number o f  s o u r c e  c a t e g o r i e s ,
1 I s  a p a r t i c u l a r  s o u r c e  c a t e g o r y ,  e . g .  1 I g h t - d u t y  v e h i c l e s ,  
s t a t i o n a r y  s o u r c e s ,  e t c .
In c a s e s  where  t h e  a r e a - w i d e  p o l l u t a n t  e m i s s i o n s  a r e  c o n t r i b u t e d  
by a v a r i e t y  o f  s o u r c e  ty p e s  wi t h  d i f f e r i n g  e m i s s i o n  f a c t o r s ,  
growth r a t e s  and a p p l i c a b l e  c o n t r o l s ,  t h e  m o d i f i e d  model wi l l  
a l l o w t h e  s i t u a t i o n  t o  be s t u d i e d  In more d e t a i l .
The r o l l b a c k  and mo d i f i e d  r o l l b a c k  model s  a r e  a p p l i c a b l e  
anywhere f o r  which t h e r e  a r e  d a t a  on a r e a - w i d e  e mi s s i o n s  and 
r e p r e s e n t a t i v e  a i r  q u a l i t y  f o r  a p a r t i c u l a r  ba s e  y e a r .  The 
r o l l b a c k  model can be a p p l i e d  wi t h  s i m p l i f i e d  hand c a l c u l a t i o n s  
and I s  wi d e l y  us e d .  Modi f i ed  r o l l b a c k  has been compu t e r i z e d  and 
document ed ,  w i t h  t h e  "Motor  Ve h i c l e  Emi ss i on  E s t i m a t i o n  Program" 
and t h e  "Modi f i ed  Ro l l ba c k  Computer  Program" ha v i n g  been made 
a v a i l a b l e  t o  a l l  EPA Regional  O f f i c e s .  (4)
The r o l l b a c k  and mo d i f i e d  r o l l b a c k  model s  In g e n e r a l  a r e  
v a l i d  f o r  t h e  s i m p l i f i e d  c ase  o f  on l y  one ty p e  o f  s o u r c e  un i f o r ml y
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d i s t r i b u t e d  a c r o s s  an a r e a  a f f e c t i n g  a r e c e p t o r .  Mobi l e  sour ces  
and a s s o c i a t e d  c a r bon  monoxide (CO) e mi s s i o n s  a r e  an example of  
t he  ty p e  o f  s o u r c e  which may a ppr ox i ma t e  t h i s  s i t u a t i o n .  Accu­
ra c y  i s  l o s t  as t he  v a r i a b i l i t y  o f  s our ce  t y p e s  and emi s s i on  
r a t e s  i n c r e a s e s ,  and t h e  i n f l u e n c e  o f  a t mo s p h e r i c  p r o c e s s e s  on 
p o l l u t a n t  c o n c e n t r a t i o n  i n c r e a s e s .  Thus due t o  t h e  i mpor t ance  
o f  p o i n t  s o u r c e s  f o r  t o t a l  suspended p a r t i c u l a t e s  (TSP) and s u l ­
f u r  d i o x i d e  (SOg) , and t h e  r e a c t i v e  n a t u r e  o f  n i t r o g e n  d i ox i de  
(NOg) and hydr oca r bons  ( HC), t h e s e  models p r o v i d e  on l y  c rude  
e s t i m a t e s  o f  t he  a t mo s p h e r i c  c o n c e n t r a t i o n s  o f  t h e s e  pr i mary  
p o l l u t a n t s .  A d d i t i o n a l l y ,  t h e s e  models on l y  y i e l d  a p p r ox i ma t i ons  
o f  s e c ond a r y  p o l l u t a n t  c o n c e n t r a t i o n s ;  f o r  e xa mpl e s ,  o x i d a n t s  (0^)
Appendix J HC-0^ R e l a t i o n s h i p
Appendix J o f  40 CFR P a r t  51,  t h e  Requi r ement s  f o r  P r e p a r ­
a t i o n ,  Ad op t i o n ,  and S u b mi t t a l  o f  i mp l e me n t a t i on  Pl ans  (36 F.R.  
15486) ,  c o n t a i n s  a g r a p h i c a l  p r e s e n t a t i o n  o f  t h e  p e r c e n t  r e d u c ­
t i o n  in hydr oca r bon  (HC) e mi s s i o n s  r e q u i r e d  t o  r e d uc e  an observed 
peak h o u r l y  a ve r a g e  o x i d a n t  (0^)  c o n c e n t r a t i o n  t o  t h e  Nat i ona l  
Ambient  A i r  Q u a l i t y  S t a n d a r d  (NAAQS) f o r  0^ ( 0 . 0 8  ppm o ve r  a 1- hour  
p e r i o d ) .  (8)  The r e l a t i o n s h i p  assumes t h a t  t he  maximum 1-hour  
0^ c o n c e n t r a t i o n  i s  d i r e c t l y  a f f e c t e d  by t h e  q u a n t i t y  o f  HC e mi t t e d  
du r i n g  t h e  morning h o u r s .  Thi s  a s sumpt i on  i s  based  on t h e  maximum 
obs e r ved  r e l a t i o n s h i p  o f  HC and 0^ c o n c e n t r a t i o n s  f o r  s e l e c t e d  
c i t i e s .  (4)  This  r e l a t i o n s h i p  can be used t o  d e t e r mi n e  t h e  e f f e c t  
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F i g u r e  1
To use t h e  Appendix J gr aph  shown in Fi gur e  1, i t  i s  assumed 
t h a t  HC e mi s s i o n s  a r e  un i f or m a c r o s s  t he  whole a r e a  and t h a t  t he  
peak 0^ c o n c e n t r a t i o n  in t h e  a r e a  has been i d e n t i f i e d .  I n h e r e n t  
i n  t he  use  o f  t h i s  approach i s  t he  as sumpt i on  t h a t  m e t e o r o l o g i c a l  
c o n d i t i o n s  and t he  s o u r c e - r e c e p t o r  r e l a t i o n s h i p  a r e  i n v a r i a n t .
Thus t h e r e  i s  no need f o r  i n p u t  o f  m e t e o r o l o g i c a l  d a t a .  The 
Appendix J approach  canno t  be used t o  e s t i m a t e  c o n c e n t r a t i o n s  a t  
s i t e s  where a i r  q u a l i t y  da t a  does  no t  e x i s t .  Co n v e r s e l y ,  l i k e  t he  
r o l l b a c k  and modi f i ed r o l l b a c k  mode l s ,  i t  i s  s i mpl y  a means f o r  
s c a l i n g  0^ c o n c e n t r a t i o n s  t o  v a r i a t i o n s  i n HC e m i s s i o n s .  I t s  
a p p l i c a t i o n  i s  r e s t r i c t e d  t o  peak h ou r l y  ave r age  0^ c o n c e n t r a t i o n s
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The r e l i a b i l i t y  o f  t h i s  appr oach  f o r  d e t e r mi n i n g  t h e  e f f e c t  of  
HC e mi s s i o n s  on 0^ c o n c e n t r a t i o n s  has no t  been i d e n t i f i e d .  There 
i s  no a l l o wa n c e  f o r  v a r i a t i o n s  i n  phot ochemi ca l  r e a c t i o n  r a t e s  
which t a k e  p l a c e  between HC and o x i d e s  of  n i t r o g e n  (NO^J,  and no 
c o n s i d e r a t i o n  o f  0^ c o n c e n t r a t i o n s  due t o n a t u r a l  s o u r c e s .  Thus 
any c o n c l u s i o n s  c onc e r n i ng  t he  HC r e d u c t i o n s  r e q u i r e d  t o  ach i eve  
g i ven  0^ l e v e l s  shoul d  be c o n s i d e r e d  as f i r s t  a p p r o x i m a t i o n s .
Mil 1 e r - Ho l z wo r t h  Model
The Mi 11e r - Ho l z wor t h  d i s p e r s i o n  model r e p r e s e n t s  a s t e p  in 
s o p h i s t i c a t i o n  above t h e  b a s i c  r o l l b a c k  model f o r  e s t i m a t i n g  
p o l l u t a n t  c o n c e n t r a t i o n s .  In t h i s  model d i s p e r s i o n  i s  e xp r e s s ed  
i n t erms  o f  mixing h e i g h t ,  wind speed and t h e  g e o g r a p h i c a l  s i z e  
o f  t h e  c i t y .  The model can be used to e s t i m a t e  1 - hou r  i n t e g r a t e d  
a r e a - w i d e  a v e r a g e  c o n c e n t r a t i o n s  f o r  r e l a t i v e l y  s t a b l e  p o l l u t a n t s  
such as SOg and p a r t i c u l a t e  m a t t e r .  The model has been c a l i b r a t e d  
f o r  a wide sample  o f  a r e a s  so t h a t  annual  a v e r a g e  c o n c e n t r a t i o n s  
o f  t h e s e  p o l l u t a n t s  can be e s t i m a t e d .  I t  i s  s u p e r i o r  i n  concept  
t o  t he  r o l l b a c k  model s i n c e  i t  can be used t o  e s t i m a t e  concen­
t r a t i o n s  f o r  an a r e a  where no a i r  q u a l i t y  d a t a  a r e  a v a i l a b l e .
Thi s  i s  p o s s i b l e  s i n c e  a t m o s p h e r i c  d i s p e r s i o n  i s  a cc ou n t e d  f o r  in 
t he  mo d e l .
The model  r e l a t e s  p o l l u t a n t  c o n c e n t r a t i o n s  t o  e mi s s i o n s  and 
m e t e o r o l o g i c a l  c o n d i t i o n s  t h r ough  i n t e g r a t i o n  o f  a Ga u s s i a n - t y p e  
d i s p e r s i o n  model a c r o s s  an urban a r e a .  The Mi 11e r - Ho l z wo r t h  model 
i s  e x p r e s s e d  as X/Q = 3 . 994  (S/U)®*^^®
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where no p o l l u t a n t s  have a c h i e v e d  a un i f or m v e r t i c a l  d i s t r i b u ­
t i o n ,  and as X/Q = 3 . 613H° *’ ^° + _2 _  - O.OSSUH^
2HU S
where a uni form v e r t i c a l  d i s t r i b u t i o n  has begun t o  form.  The 
b a s i c  i n p u t s  i n c l u d e  t h e  un i f o r m a v e r a g e  a r e a  e mi s s i o n  r a t e  (Q) 
in grams pe r  second pe r  s q u a r e  m e t e r ,  mixing h e i g h t  (H) i n m e t e r s ,  
wind speed  t hrough t h e  mi xi ng  l a y e r  (U) i n m s e c ”  ̂ and c i t y  s i z e
(S) e x p r e s s e d  as k i l o m e t e r s  a c r o s s  t he  c i t y  f o r  a g i ven  d i r e c t i o n .
A d i s c u s s i o n  of  t h i s  d i s p e r s i o n  model and a p p r o p r i a t e  s e a s o n a l  
a v e r a ge  mixing h e i g h t s  and wind speeds  i s  g i ven  in EPA p u b l i c a t i o n  
AP-101. (9)  This  p u b l i c a t i o n  a l s o  p r o v i d e s  medi an ,  uppe r  q u a r t i l e  
and uppe r  d e c i l e  X/Q v a l u e s  f o r  v a r i o u s  c i t y  s i z e s .  Thus a r ange  
of  p o l l u t a n t  c o n c e n t r a t i o n s  can be e s t i m a t e d  f o r  t he  more r e s t r i c ­
t i v e  m e t e o r o l o g i c a l  d i s p e r s i o n  c o n d i t i o n s .  However ,  i t  i s  not  
p o s s i b l e  t o  e s t i m a t e  s p a t i a l  v a r i a t i o n s  i n  p o l l u t a n t  c o n c e n t r a t i o n s  
a c r o s s  an a r e a .  In t h i s  s e n s e ,  any s e t  o f  e mi s s i o n  c o n t r o l  
s t r a t e g i e s  which y i e l d  s i m i l a r  t o t a l  a r e a - w i d e  p o l l u t a n t  e mi s s i o n s  
w i l l  r e s u l t  in t he  same a i r  q u a l i t y  f o r  t h e  a r e a .  No m a t t e r  how 
d i f f e r e n t  t he  s t r a t e g i e s  a r e ,  i f  t he  t o t a l  e mi s s i o n s  a r e  t h e  same,  
t hen  t h e  a i r  q u a l i t y  e s t i m a t e d  w i l l  be t h e  same wi t h  t h i s  model .
The r e l i a b i l i t y  o f  t h i s  d i s p e r s i o n  model when a p p l i e d  to 
s p e c i f i c  a r e a s  t o  e s t i m a t e  1 - h o u r  c o n c e n t r a t i o n s  has n o t  been 
d e t e r m i n e d .  However,  as  n o t e d  e a r l i e r ,  t he  model has been c a l i ­
b r a t e d ,  and t he  r e s u l t s  a r e  p r e s e n t e d  in Appendix A t o  R e q u i r e ­
ments  f o r  P r e p a r a t i o n ,  Adopt i on  and Su bmi t t a l  o f  I mp l e me n t a t i on  
Pl ans  (36 F.R.  15486) f o r  a r angé  of  c i t y  s i z e s  so t h a t  e s t i m a t e s  
o f  annual  ave r age  c o n c e n t r a t i o n s  can be made.  (10)
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Ha nna - Gl f f o r d  Model
The Ha n n a - Gi f f o r d  d i s p e r s i o n  model i s  t h e  ne x t  s t e p  upward 
i n d i s p e r s i o n  model s o p h i s t i c a t i o n .  The Ha n n a - Gi f f o r d  model i s  
most  r e a d i l y  a p p l i c a b l e  t o s t a b l e  p o l l u t a n t s  such as SOg, p a r t i c u ­
l a t e s ,  and CO. I t  has  been used t o  e s t i m a t e  1 - h ou r  and annual  
a v e r a g e  c o n c e n t r a t i o n s  o f  t h e s e  p o l l u t a n t s .  (11)  The model can 
be used to e s t i m a t e  an a v e r a ge  c o n c e n t r a t i o n  f o r  any d e f i n e d  a r e a  
Thi s  model d i f f e r s  f rom t he  p r e v i o u s  model s  i n  t h e  form of  
a c c o u n t i n g  f o r  a t m o s p h e r i c  d i s p e r s i o n .  D i s p e r s i o n  i s  c o n s i d e r e d  
t o  be a f u n c t i o n  o f  a t m o s p h e r i c  s t a b i l i t y ,  wind speed and t h e  
s i z e  and number o f  a r e a  s o u r c e s .  The e q u a t i o n  r e l a t i n g  a t mos ­
p h e r i c  c o n c e n t r a t i o n  t o  e mi s s i o n s  i s
X = ^ ( A w / 2 ) 1 - b  
a ( l - b )  U
.2Q-. ^(2i  l ) T - b - ( 2 i _ l ) T - b ]
where a ,  b a r e  e m p i r i c a l l y  de t e r mi ne d  d e t e r mi n e d  c o n s t a n t s  used 
t o  s p e c i f y  d i s p e r s i o n ,  t h e y  a r e  f u n c t i o n s  o f  t he  
a t m o s p h e r i c  s t a b i l i t y .  The v a l u e s  a r e  t h o s e  r ecom­
mended by M.E. Smi th (1968)  f o r  n e u t r a l  s t a b i l i t y .
Aw i s  t h e  s i z e  ( wi d t h )  o f  t h e  a r e a  s o u r c e s ,
N i s  t h e  number  o f  upwind s o u r c e s ,  
i i s  a s p e c i f i c  upwind s o u r c e ,
Q_ i s  t h e  p o l l u t a n t  e mi s s i o n s  f o r  t h e  a r e a  i n  which t he  
0
r e c e p t o r  s i t e  i s  l o c a t e d ,
^i  a r e  t h e  e mi s s i o n s  f o r  upwind a r e a s .
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The model i s  a p p l i e d  t o  each a r e a  which encompasses  a r e c e p t o r  
s i t e .  The a p p l i c a t i o n  i s  made f o r  t he  wind d i r e c t i o n ,  wind 
speed and s t a b i l i t y  c l a s s  f o r  each m e t e o r o l o g i c a l  s i t u a t i o n  
under  c o n s i d e r a t i o n .  Al l  s o u r c e s  upwind o f  t he  r e c e p t o r  a r e a  
a r e  i n c l u d e d  i n  d e t e r mi n i n g  t h e  p o l l u t a n t  c o n c e n t r a t i o n .  Thi s  
approach  can be used t o  e s t i m a t e  ho u r l y  a ve r a ge  c o n c e n t r a t i o n s  
f o r  a l l  s i t u a t i o n s  of  i n t e r e s t .  I f  d a t a  on d i u r n a l  v a r i a t i o n s  
in e mi s s i o n  r a t e s  a r e  a v a i l a b l e ,  t h e y  can be used wi t h  t he  model .  
C o n c e n t r a t i o n s  f o r  o t h e r  a v e r a g i n g  t i mes  can be o b t a i n e d  by 
e s t i m a t i n g  c o n c e n t r a t i o n s  f o r  each hour  o f  t h e  p e r i o d  and a v e r ­
aging  t h e  h o u r l y  c o n c e n t r a t i o n s .
Annual  a v e r a g e  c o n c e n t r a t i o n s  can be o b t a i n e d  in  a manner 
s i m i l a r  t o  t h a t  d e s c r i b e d  s u b s e q u e n t l y  f o r  t he  A i r  Q u a l i t y  Di s ­
p l a y  Model (AQDM). However,  t h e  Ha nna- Gi f f o r d  s i m p l i f i e d  t he  
AQDM p r o c e d u r e  by s u b s t i t u t i n g  a more e l e me n t a r y  form of  t he  
d i s p e r s i o n  e q u a t i o n .  For  annual  a ve r a g e  c o n c e n t r a t i o n s  t h e
model t a k e s  t h e  s i m p l i f i e d  form o f  x = £  Q, where  C i s  a c o n s t a n t
0
de pende n t  on t h e  p o l l u t a n t ,  ü i s  t h e  annual  a v e r a g e  wind speed
-  1 ?
(m s ec"  ) ,  and Q i s  t he  a v e r a g e  e mi s s i on  d e n s i t y  ( g / s e c / m  ) f o r
t he  whole a r e a  o f  i n t e r e s t .  Th i s  form can onl y  be used t o
e s t i m a t e  a r e p r e s e n t a t i v e  a v e r a g e  c o n c e n t r a t i o n  f o r  t he  whole
a r e a .
In e x a m i n a t i o n s  o f  t h e  r e l i a b i l i t y  o f  t h e  Ha nna - Gi f f o r d  
model ,  i t  has  been shown t h a t  t h e  more d e t a i l e d  f o r m u l a t i o n  p r o ­
v i de s  an a c c u r a c y  s i m i l a r  t o  t h a t  o f  more s o p h i s t i c a t e d  model s .  (4)  
C o r r e l a t i o n s  g e n e r a l l y  v a r y i n g  between 0 . 60  and 0 . 9 5 ,  dependi ng
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on t h e  p o l l u t a n t ,  a v e r a g i n g  t i me  and a r e a ,  have been found .
For  t h e  s i m p l i f i e d  annual  a v e r a g e  and model a p p l i c a t i o n  to a 
l a r g e  number of  a r e a s ,  a ve r a ge  v a l u e s  o f  t he  c o n s t a n t  C equal  
t o  225 and 50,  r e s p e c t i v e l y ,  f o r  TSP and SOg were found .  However 
t h e  s t a n d a r d  d e v i a t i o n  of  t he  e r r o r  i n  c o n c e n t r a t i o n  e s t i m a t e s  
o b t a i n e d  when t he  mean v a l u e  f o r  t he  c o n s t a n t  i s  used has been
3
found t o  be about  50yg/m f o r  TSP. F u r t h e r  a n a l y s i s  has  shown 
t h a t  use  o f  t he  c o n s t a n t  C i s  o v e r l y  s i m p l i s t i c ,  and t h a t  a 
r e l a t i o n s h i p  of  x = 52 + 91 . 7  Q/ü p r o v i d e s  a b e t t e r  e s t i m a t e  
f o r  TSP. The use  of  t h i s  r e l a t i o n s h i p  in p l a c e  of  an a ve r age
3
f o r  C r e d u c e s  t h e  s t a n d a r d  d e v i a t i o n  o f  t he  e r r o r  t o lOpg/m .
For  SOg a s i m i l a r  r e l a t i o n s h i p  c ou l d  no t  be d e r i v e d  because  t h e  
v a r i a t i o n  of  t he  c o n s t a n t  C was t oo random.  This  r e f l e c t s  t h e  
i mp o r t a n c e  o f  l a r g e  p o i n t  s o u r c e  e mi s s i o n s  in d e t e r mi n i n g  SOg 
c o n c e n t r a t i o n s ,  and i n d i c a t e s  t h a t  c a u t i o n  shoul d  be e x e r c i s e d  
i n  u s i n g  a mean va l ue  o f  50 f o r  C.
The Hanna- Gi f f o r d  model i s  b a s i c a l l y  a p p l i c a b l e  f o r  a r e a s  
where t h e r e  i s  no p o i n t  s o u r c e  i n f o r m a t i o n  a v a i l a b l e ,  t hus  
r e q u i r i n g  t h a t  a l l  e mi s s i o n s  be grouped i n t o  a r e a  s o u r c e  e m i s s i o n s .  
However ,  i f  s p e c i f i c  p o i n t  s o u r c e s  o r  l i n e  s ou r c es  a r e  known, 
t h e  i mpa c t  of  t h e s e  s o u r c e s  can be e s t i m a t e d  i n d e p e n d e n t l y  t h r o u g h  
t h e  use  o f  an a p p r o p r i a t e  model and t h e  r e s u l t a n t  c o n c e n t r a t i o n s  
added t o  t hos e  caused by a r e a  s o u r c e s .  I f  t he  d a t a  i s  a v a i l a b l e ,  
d i u r n a l  v a r i a t i o n s  in e mi s s i on  r a t e s  shoul d  be c o n s i d e r e d  in t he  
a p p l i c a t i o n  of  s p e c i f i c  models  t o  p o i n t  and l i n e  s o u r c e s .  Appro­
p r i a t e  p o i n t  s our ce  models a r e  d i s c u s s e d  in t he  Gu i d e l i n e s  f o r
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Reviewing New S t a t i o n a r y  S o u r c e s .  (12)  These model s  a r e  g e n e r ­
a l l y  a c c e p t e d  t o be a c c u r a t e  w i t h i n  a f a c t o r  of  two.  Bas i c  
p o i n t  s o u r c e  d i s p e r s i o n  model s  a r e  a v a i l a b l e  t h r ough  t h e  Na t i ona l  
Techni ca l  I n f o r ma t i o n  S e r v i c e .  (13)  An a p p r o p r i a t e  l i n e  s ou r c e  
model i s  d i s c u s s e d  ne x t  under  t he  HIWAY model .  D e t a i l e d  d i s c u s ­
s i o n s  o f  t h e  Hanna- Gi f f o r d  d i s p e r s i o n  model a r e  a v a i l a b l e  from 
v a r i o u s  l i t e r a t u r e  s o u r c e s .  ( 1 1 ,  14)
HIWAY Model
The HIWAY model ,  by Zimmerman and Thompson ( 1 5 ) ,  i s  a l i n e  
sour ce  d i s p e r s i o n  model .  I t  i s  f o r  mobi l e  s o u r c e  p o l l u t a n t  
emi s s i ons  a l ong  highways and s t r e e t s ,  and i s  a p p l i c a b l e  only 
to s t a b l e  p o l l u t a n t s  (CO and f i n e  p a r t i c u l a t e  m a t t e r )  from a u t o ­
mot i ve  s o u r c e s .  The model can be used  to e s t i m a t e  1 - hour  a ve r age  
c o n c e n t r a t i o n s  o f  t h e s e  p o l l u t a n t s .  By r e p e t i t i v e l y  s i m u l a t i n g  
each hour  i n  an 8 - hour  or  24- hour  p e r i o d ,  8 - hour  and 24-hour  
ave r age  c o n c e n t r a t i o n s  o f  t he  p o l l u t a n t s  of  i n t e r e s t  can be 
e s t i m a t e d .
The b a s i c  f o r m u l a t i o n  o f  t he  HIWAY model i s
X = q 1
_e
u ira ( d ) o  (d)y z







where X i s  t h e  a t mos p he r i c  c o n c e n t r a t i o n  a t  t he  r e c e p t o r
-1
u i s  wind speed ,  m sec
q - 1 - 1
e i s  t he  c o n s t a n t  l i n e  s o u r c e  e mi s s i on  r a t e ,  g sec  m
Page 20
o * a a r e  t he  s t a n d a r d  d e v i a t i o n s  o f  t he  c o n c e n t r a t i o n  d i s t r i -
y z
b u t i o n  in t he  c r o s s wi nd  and v e r t i c a l  d i r e c t i o n s ,  m e t e r s ;  
t he y  a r e  dependen t  on a t mo s p h e r i c  s t a b i l i t y  and on down­
wind d i s t a n c e  (d)  from s o u r c e s  t o  t he  r e c e p t o r  
A, B a r e  t h e  e n d p o i n t s  o f  t h e  l i n e  s o u r c e ,  me t e r s
L i s  t h e  l e n g t h  o f  t h e  l i n e  s ou r c e  from p o i n t  A t o  t h e  i t h  
e l e me n t  o f  t he  l i n e  s o u r c e ,  me t e r s  
y i s  t h e  c r o s s  wind d i s t a n c e  from s o u r c e  e l e me n t  t o  t he  
r e c e p t o r ,  me t e r s .
The model i s  a p p l i e d  to each l a n e  of  t r a f f i c  which c o n s t i t u t e s  
t he  l i n e  s o u r c e  t o e s t i m a t e  t h e  c o n t r i b u t i o n  t o  c o n c e n t r a t i o n s  
a t  s p e c i f i e d  downwind d i s t a n c e s .  C o n c e n t r a t i o n s  can be c a l c u ­
l a t e d  f o r  any s p e c i f i e d  c o mb i n a t i o n  o f  m e t e o r o l o g i c a l  c o n d i t i o n s .
A b a s i c  i n p u t  f o r  t h i s  model  i s  t he  e mi s s i o n s  i n t e r ms  of  
grams pe r  me t e r  per  second f o r  each  l a n e  making up t h e  roadway 
f o r  each hour  be i ng  c o n s i d e r e d .  Due to t h e  d i u r n a l  v a r i a t i o n s  
i n  e mi s s i o n  r a t e s  from a u t o mo t i v e  s o u r c e s ,  e mi s s i o n s  s h o u l d  be 
a p p r o p r i a t e l y  v a r i e d  wi t h  t i me  o f  day.  In a d d i t i o n ,  t h e  l e n g t h  
o f  roadway,  i t s  wi d t h ,  and o t h e r  p h y s i c a l  pa r a me t e r s  o f  t he  r o a d ­
way need to  be s p e c i f i e d .  Me t e o r o l o g i c a l  i n p u t s  i n t o  t h e  model 
a r e  s t a b i l i t y  c l a s s ,  wind d i r e c t i o n  and wind speed f o r  t h e  hour  
o f  i n t e r e s t .  The o u t p u t  of  t he  model i s  1 - hour  a v e r a g e  c oncen­
t r a t i o n s  a t  s p e c i f i e d  p o i n t s  downwind f rom t he  roadway.  Concen­
t r a t i o n s  e s t i m a t e d  f o r  each hour  i n a g i ven  sequence  o f  hours  
make i t  p o s s i b l e  to o b t a i n  8 - h o u r  and 24- hour  c o n c e n t r a t i o n s  of  
p o l l u t a n t s .  The model i s  no t  r e a d i l y  a p p l i c a b l e  f o r  e s t i m a t i n g
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annual  a v e r a ge  c o n c e n t r a t i o n s .
To d e t e r mi n e  t he  i mpa c t  o f  l i n e  s o u r c e s  i n  a d d i t i o n  to 
more g e n e r a l i z e d  a r e a  s o u r c e  e m i s s i o n s ,  t he  HIWAY model can be 
used i n  c o n j u n c t i o n  wi t h  t h e  Ha nna - Gi f f o r d  mode l .  The Hanna- 
G i f f o r d  model i s  used t o  d e t e r mi n e  t h e  i mpa c t  o f  a l l  o t h e r  
s o u r c e s  i n an a r e a  w h i l e  t h e  HIWAY model i s  used to d e t e r mi n e  
t h e  i mpac t  o f  s p e c i f i c  ne a r by  roadways .  The HIWAY model i s  
a v a i l a b l e  from t he  N a t i o n a l  Tec hn i c a l  I n f o r m a t i o n  S e r v i c e .  (13)  
P r e d i c t i o n s  from t he  HIWAY model have been compared wi t h  f i e l d  
m o n i t o r i n g  d a t a  and t h e  r e s u l t s  i n d i c a t e  t h a t  t h i s  model has an 
a c c u r a c y  comparabl e  t o  t h a t  o f  p o i n t  s o u r c e  d i s p e r s i o n  model s .
Ai r  Q u a l i t y  Di sp l ay  Model
The Ai r  Q u a l i t y  D i s p l a y  Model (AQDM) i s  a l o n g - t e r m  a ve r a g e  
c o n c e n t r a t i o n  urban d i s p e r s i o n  model which i s  b e s t  used t o d e t e r ­
mine t h e  i mpac t  o f  a wide  v a r i e t y  o f  s t a t i o n a r y  s o u r c e  c l a s s e s
on annua l  a ve r age  c o n c e n t r a t i o n s  of  SO and TSP.  (16)  The model
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has  been a p p l i e d  t o  a r e a s  wi t h  numerous p o i n t  and a r e a  s o u r c e s ;  
and i t  has been v a l i d a t e d  and c a l i b r a t e d  f o r  t h e s e  a p p l i c a t i o n s .
The model i s  based  on t h e  s t a n d a r d  l o n g - t e r m  c o n c e n t r a t i o n  
e q u a t i  on :
X = I  I  { 2Qt ( 0 , R, N,  ) 
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where f ( G , R , N , )  i s  f r e q u e n c y  d u r i n g  t he  p e r i o d  o f  i n t e r e s t  t h a t
t h e  wind i s  f rom d i r e c t i o n  0 ,  f o r  t he  s t a b i l i t y  
c o n d i t i o n  R, and t he  wind speed  c l a s s  n , 
m e t e r s / s e c . ,
a i s  t he  v e r t i c a l  d i s p e r s i o n  p a r a m e t e r  a t  d i s t a n c e  
z
(d)  f o r  s t a b i l i t y  c o n d i t i o n  R, m e t e r s ,  
u i s  t he  r e p r e s e n t a t i v e  wind speed  f o r  c l a s s  N, 
m e t e r s / s e c . ,
H i s  t he  e f f e c t i v e  s t a c k  h e i g h t  f o r  wind speed u,  
m e t e r s .
The model  i s  used t o  d e t e r m i n e  t he  i mpac t  o f  a l l  s ou r c e s  
a t  a g i ven  r e c e p t o r ,  f o r  a g i ven  s e t  o f  m e t e o r o l o g i c a l  c o n d i ­
t i o n s .  I t  t h e n  wi e g h t s  t h i s  c o n c e n t r a t i o n  by t h e  f r e qu e nc y  
wi t h  which t h a t  p a r t i c u l a r  s e t  o f  m e t e o r o l o g i c a l  c o n d i t i o n s  
o c c u r s  and t h e n  sums o ve r  a l l  m e t e o r o l o g i c a l  c o n d i t i o n s ,  t hus  
p r o duc i n g  a l o n g - t e r m  a v e r a g e  c o n c e n t r a t i o n .  Ba s i c  i n p u t s  to 
t h e  model a r e  a compr ehens i ve  e mi s s i o n s  i n v e n t o r y ,  i n c l u d i n g  
bot h  p o i n t  s o u r c e s  and a r e a  s o u r c e s ;  and t h e  f r e q u e n c y  d i s t r i ­
b u t i o n  o f  wind speed (6 c l a s s e s ) ,  wind d i r e c t i o n  (16 c a r d i n a l  
p o i n t s ) ,  and s t a b i l i t y  c l a s s  ( P a s q u i l l  c l a s s e s  A-E) a long wi t h  
an annual  a v e r a g e  mixing h e i g h t .  The AQDM can be used t o e s t i ­
mate  c o n c e n t r a t i o n s  a t  any s p e c i f i e d  p o i n t  downwind.
When a d e q u a t e  p o i n t  s o u r c e  i n f o r m a t i o n  i s  n o t  a b a i l a b l e ,  
a p r o p e r l y  c a l i b r a t e d  model c ou l d  be used wi t h  o n l y  a r e a  s our ce  
e m i s s i o n s .  However ,  i t  mus t  be r e c o g n i z e d  t h a t  t h e  r e l i a b i l i t y  
o f  t h i s  mode l ,  or  any o t h e r  model ,  w i l l  be a d v e r s e l y  a f f e c t e d
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by t he  a s sumpt i on  t h a t  a l l  p o i n t  s o u r c e s  can be c o n s i d e r e d  In 
t h e  a r e a  s o u r c e  e m i s s i o n s .
I t  shou l d  be not ed  t h a t  t h e  AQDM was o r i g i n a l l y  de ve l oped  
wi t h  t h e  Hol l and  plume r i s e  e q u a t i o n  f o r  c a l c u l a t i n g  e f f e c t i v e  
s t a c k  h e i g h t s .  A change to t he  comput er  program I s  now a v a i l ­
a b l e  f o r  t he  I n c l u s i o n  o f  t he  B r i g g s '  plume r i s e  e q u a t i o n .
Thi s  l a t t e r  e q u a t i o n  I s  p r e f e r r e d ,  e s p e c i a l l y  f o r  l a r g e  s ou r c es  
such as power p l a n t s .  The AQDM has been c a l i b r a t e d  us i ng  
r e g r e s s i o n  a n a l y s i s  t e c h n i q u e s .  In numerous a p p l i c a t i o n s  o f  
t he  model a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 8  or  g r e a t e r  has been 
found.
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Sampled Ch r o n o l o g i c a l  Input  Model
The Sampled Chr ono l og i ca l  I np u t  Model (SCIM) i s  one o f  
s e v e r a l  d i s p e r s i o n  models which a r e  a p p l i c a b l e  t o  bo t h  p o i n t  
and a r e a  s o u r c e  e mi s s i ons  in urban a r e a s .  (17)  These model s  as 
a c l a s s  a r e  b a s i c a l l y  used t o  e s t i m a t e  h o u r l y  a v e r a g e  c o n c e n ­
t r a t i o n s  o f  SOg and TSP which a r e  e m i t t e d  from s t a t i o n a r y  s ou r c es  
The SCIM s p e c i f i c a l l y  d e t e r mi n e s  t h e  f r e q u e n c y  d i s t r i b u t i o n  of  
1 - hour  c o n c e n t r a t i o n s .  While t h i s  model does no t  s p e c i f i c a l l y  
e s t i m a t e  2 4 - h o u r  c o n c e n t r a t i o n s ,  i t  p r o v i d e s  a summary o f  a l l  
e s t i m a t e d  h o u r l y  c o n c e n t r a t i o n s .  Thus e s t i m a t e s  o f  c o n c e n t r a ­
t i o n s  f o r  a v e r a g i n g  t imes  l o n g e r  t h a n  1 - hour  can be t a b u l a t e d .
The model  i s  based on t he  s t a n d a r d  Gauss i an  d i s p e r s i o n  
e q u a t i o n :
X = exp exp 1
2
where a l l  t e r ms  a r e  as p r e v i o u s l y  d e f i n e d .
Like t he  AQDM, t he  SCIM a c c e p t s  as i n p u t  s p e c i f i c  pa r a me t e r s  
on p o i n t  s o u r c e s  and a r e a  s o u r c e s .  Al t hough t he  SCIM e s t i m a t e s  
h ou r l y  c o n c e n t r a t i o n s ,  t he  e mi s s i o n s  d a t a  used a r e  annual  a v e r a g e s ;  
t hus  t h e r e  i s  no a l l owance  f o r  d i u r n a l  v a r i a t i o n s  i n  e m i s s i o n s .  
Li mi t ed  t e s t s  wi t h  v a r i a t i o n s  i n e mi s s i o n s  based on t i me  o f  day 
di d  no t  show a c o n s i s t e n t  improvement  i n c o n c e n t r a t i o n  e s t i m a t e s .  (4)
The m e t e o r o l o g i c a l  da t a  r e q u i r e d  a r e  s p e c i f i c  h o u r l y  d a t a  on wind 
s p e e d ,  wind d i r e c t i o n ,  s t a b i l i t y  c l a s s  and mixing h e i g h t .  The 
model does p r o v i d e  t he  op t i on  o f  e s t i m a t i n g  c o n c e n t r a t i o n s  f o r
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s e l e c t e d  i n t e r v a l s ,  f o r  exampl e ,  e ve r y  3 h o u r s ,  t o  l e s s e n  t he  
c o mp u t a t i o n a l  bu r den .  A j u d i c i o u s l y  s e l e c t e d  i n t e r v a l ,  which 
i n s u r e s  t h a t  e s t i m a t e s  f o r  a l l  t i me s  of  day f o r  a s u f f i c i e n t l y  
l ong p e r i o d  o f  t i me ,  w i l l  no t  a d v e r s e l y  i n f l u e n c e  t h e  f r e q u e n c y  
d i s t r i b u t i o n  f o r  h o u r l y  c o n c e n t r a t i o n s .  The r e l i a b i l i t y  o f  t h i s  
model has n o t  been wi de l y  d e t e r m i n e d ;  however ,  a p p l i c a t i o n  to 
t h r e e  c i t i e s  i n d i c a t e s  t h a t  t h e  f r e q u e n c y  d i s t r u b i t i o n s  o f  1 - hour  
c o n c e n t r a t i o n s  e s t i m a t e d  by t h e  SCIM a p p r o x i m a t e l y  r e p o r d u c e  t he  
obs e r ved  f r e q u e n c y  d i s t r i b u t i o n s .
APRAC-IA Model
APRAC-IA i s  a d i s p e r s i o n  model  which i s  a p p l i c a b l e  on l y  t o 
l i n e  and a r e a  s o u r c e s  o f  s t a b l e  a u t o mo t i v e  p o l l u t a n t s  (CO and 
p a r t i c u l a t e  m a t t e r ) .  The model can be used t o  d e t e r m i n e  1- hour  
a v e r a g e s  o f  t h e s e  p o l l u t a n t  c o n c e n t r a t i o n s ,  and i t  can a l s o  be 
used t o  e s t i m a t e  c o n c e n t r a t i o n s  f o r  l o n g e r  t ime p e r i o d s  by 
a v e r a g i n g  a s e r i e s  o f  h o u r l y  e s t i m a t e s .
APRAC-IA i s  based on a m o d i f i c a t i o n  o f  t h e  Ga us s i a n  d i s p e r ­
s i o n  e q u a t i o n .  The b a s i c  i n p u t  t o  t h i s  d i s p e r s i o n  model i s  in 
t erms  o f  i n d i v i d u a l  s t r e e t  s egment s  or  l i n e  s o u r c e s .  The model 
t a k e s  t h e s e  segment s  and d e t e r m i n e s  a r e a  s o u r c e  e m i s s i o n s  from 
t h e s e  l i n e  s o u r c e s ;  t h e s e  e m i s s i o n s  a r e  t hen combined wi t h  o t h e r  
s p e c i f i e d  a r e a  s o u r c e  e mi s s i o n s  t o  d e t e r mi n e  t o t a l  e m i s s i o n s .  A 
method f o r  d e t e r m i n i n g  d i u r n a l  v a r i a t i o n s  in e mi s s i o n s  i s  a l s o  
i n c l u d e d  i n  t h i s  model .  These  a r e a  s o u r c e s  a r e  o r i e n t e d  in t he  
upwind d i r e c t i o n .  A l o g a r i t h m i c  s p a c i n g  o f  t h e  a r e a  s o u r c e s  
a l l ows  ne a r by  s o u r c e s  t o  be c o n s i d e r e d  i n  g r e a t e r  d e t a i l  t han
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t ho s e  f u r t h e r  away s i n c e  t h e i r  i n d i v i d u a l  c o n t r i b u t i o n s  t end  t o  
be merged d u r i n g  l o n g e r  t r a v e l .  Me t e o r o l o g i c a l  i n p u t  t o  t h e  
model i s  t h e  same as w i t h  o t h e r  d i s p e r s i o n  mode l s ,  namely ,  wind 
d i r e c t i o n ,  wind s p e e d ,  s t a b i l i t y  c l a s s  and mixi ng h e i g h t  on an 
hour l y  b a s i s .
Thi s  model a l s o  i n c o r p o r a t e s  a s t r e e t - e f f e c t s  submodel .
Thi s  submodel  a l l o w s  d e t e r m i n a t i o n  o f  t h e  i mpac t  o f  l o c a l i z e d  
e mi s s i o n s  and wind c i r c u l a t i o n s  on p o l l u t a n t  c o n c e n t r a t i o n s .  I t  
b a s i c a l l y  t a k e s  t h e  form o f  a box model w i t h  s l i g h t l y  d i f f e r e n t  
methods f o r  c a l c u l a t i n g  c o n c e n t r a t i o n s  on o p p o s i t e  s i d e s  o f  t he  
s t r e e t .  Th i s  d i f f e r e n c e  i s  an a t t e m p t  t o  r e f l e c t  t h e  i mpac t  o f  
complex wind c i r c u l a t i o n  p a t t e r n s  which have been i d e n t i f i e d  in 
s t r e e t  c anyons .
D e t a i l e d  d e s c r i p t i o n s  o f  APRAC-IA a r e  a v a i l a b l e  f rom 
r e f e r e n c e s  13,  18,  and 19.  Thi s  d i s p e r s i o n  model has been 
a p p l i e d  t o  S t .  Loui s  and San J o s e ,  and t h e  c a l c u l a t e d  c on c e n ­
t r a t i o n s  compared f a v o r a b l y  wi t h  o b s e r ve d  d a t a .  In g e n e r a l ,  
APRAC-IA can be e x p e c t e d  t o  have a r e l i a b i l i t y  s i m i l a r  t o  t h a t  
o f  o t h e r  d i s p e r s i o n  mode l s .
SAI Phot ochemi ca l  Model
The SAI model i s  a pho t ochemi ca l  d i s p e r s i o n  model .  (20)  I t  
no t  onl y  c o n s i d e r s  t h e  t r a n s p o r t  and d i s p e r s i o n  of  p o l l u t a n t s ,  
bu t  a l s o  t h e  t r a n s f o r m a t i o n  o f  HC and NO^ i n t o  phot ochemi ca l  
o x i d a n t s  ( 0 ^ ) .  I t  can be used to e s t i m a t e  t h e  h o u r l y  c o n c e n t r a ­
t i o n  v a r i a t i o n s  f o r  CO, HC, n i t r i c  ox i de  (NO),  NOg, and 0^ .
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The ma t h e ma t i c a l  f o r m u l a t i o n  f o r  t h i s  model i s  c o n s i d e r a b l y  
d i f f e r e n t  f rom t h a t  d i s c u s s e d  f o r  t h e  o t h e r  d i s p e r s i o n  model s .  
Thi s  model u se s  f i n i t e  d i f f e r e n c e  t e c h n i q u e s  ove r  a g r i d  o f  a r e a  
s o u r c e s  t o  s o l v e  t h e  c l a s s i c a l  e q u a t i o n s  o f  c o n s e r v a t i o n  o f  mass 
which i n c l u d e  l o c a l  c h a n g e s ,  a d v e c t i o n ,  d i f f u s i o n ,  ph o t oche mi c a l  
r e a c t i o n s  and e m i s s i o n s .
The e m i s s i o n s  i n p u t  i s  s p e c i f i e d  as un i f o r m g r i d d e d  a r e a  
s o u r c e s ,  wi t h  h o u r l y  e mi s s i on  r a t e s  and t h e i r  d i u r n a l  v a r i a t i o n s  
be ing  r e q u i r e d .  Me t e o r o l o g i c a l  i n p u t s  i n c l u d e  h o u r l y  d a t a  on 
t he  s p a t i a l  v a r i a t i o n  of  wind d i r e c t i o n ,  wind speed  and mixi ng 
h e i g h t .  The model i s  c a p a b l e  of  e s t i m a t i n g  f o r  each  hour  an 
ave r age  c o n c e n t r a t i o n  f o r  each a r e a  i d e n t i f i e d  as an a r e a  s o u r c e  
Thi s  model i s  most  a p p l i c a b l e  when l a r g e  amounts  o f  d a t a  a r e  
a v a i l a b l e  f o r  s o p h i s t i c a t e d  a n a l y s i s  o f  a r e g i o n .  To d a t e  i t  
has on l y  been a p p l i e d  t o  a r e a s  in C a l i f o r n i a .  (4)
The SAI model  i s  c o n s i d e r e d  t o  be one o f  t h e  b e t t e r  p h o t o ­
chemical  model s  c u r r e n t l y  a v a i l a b l e .  However ,  i t s  r e l i a b i l i t y  
has no t  been t h o r o u g h l y  examined.
C l i m a t o l o q i c a l  D i s p e r s i o n  Model
The C l i m a t o l o g i c a l  D i s p e r s i o n  Model (COM) i s  p u r p o s e l y  
p r e s e n t e d  l a s t  be ca us e  i t  was t he  s i m u l a t i o n  model used  i n  t h i s  
r e s e a r c h  s t u d y .  The COM has  been s u c c e s s f u l l y  used t o  de ve l o p  
a i r  q u a l i t y  e s t i m a t e s  f o r  Ankara ,  Tur key ,  S t .  L o u i s ,  M i s s o u r i ,  
and many o t h e r  c i t i e s  w i t h i n  t he  Uni t ed  S t a t e s .  Among v a r i o u s  
e x i s t i n g  model s  t h e  COM i s  g e n e r a l l y  r e g a r d e d  as t h e  most  
a d e q u a t e ,  and i t  i s  wi de l y  used f o r  e x i s t i n g  r e f i n e r i e s .  (21)
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The COM d e t e r mi n e s  l o n g - t e r m  ( s e a s o n a l  or  a n nua l )  q u a s i ­
s t a b l e  p o l l u t a n t  c o n c e n t r a t i o n s  a t  any ground l e v e l  r e c e p t o r  
u s i n g  a v e r a g e  e mi s s i o n s  r a t e s  f rom p o i n t  and a r e a  s o u r c e s ,  and 
a j o i n t  f r e q u e n c y  d i s t r i b u t i o n  o f  wind d i r e c t i o n ,  wind s p e e d ,  
and a t mo s p h e r i c  s t a b i l i t y  f o r  t h e  same p e r i o d .  (22)  The COM 
d e s c r i b e s  t h e  s p r e a d i n g  o f  a plume as i t  i s  t r a n s p o r t e d  downwind 
f rom a c o n t i n u o u s l y  e m i t t i n g  s o u r c e .  The e f f e c t s  on each i d e n t ­
i f i e d  r e c e p t o r  f o r  t he  obs e r ved  c o mbi na t i on  of  wind d i r e c t i o n ,  
wind s pe e d ,  and a t mo s p h e r i c  s t a b i l i t y  a r e  c a l c u l a t e d  wi t h  t he  
a i d  o f  a c omput e r .  The r e l a t i v e  f r e q u e n c y  o f  o c c u r r e n c e  of  each 
such m e t e o r o l o g i c a l  combi na t i on  i s  t h e n  used t o  weigh t he  c a l c u ­
l a t e d  c o n c e n t r a t i o n s .  The r e s u l t i n g  we i g h t e d  c o n c e n t r a t i o n s  a re  
summed ove r  a l l  m e t e o r o l o g i c a l  c o n d i t i o n s  and a l l  s o u r c e s .  The 
plume i s  assumed t o  have a Gauss i an  d i s t r i b u t i o n  i n t h e  v e r t i c a l  
d i r e c t i o n  and a uni form d i s t r i b u t i o n  i n  t h e  h o r i z o n t a l  d i r e c t i o n  
The r e s u l t i n g  ma t hema t i ca l  e x p r e s s i o n  f o r  c a l c u l a t i n g  p o i n t  and 
a r e a  s o u r c e  c o n t r i b u t i o n s  t o  each r e c e p t o r  i s  an u n v a r i a n t  
Gauss i an  ( i n  t h e  v e r t i c a l  on l y )  e q u a t i o n .
The a v e r a g e  c o n c e n t r a t i o n  due t o  a r e a  s o u r c e s  a t  a 




Z , Ak(P) oh * ( k , & , m ) S ( p , z ; U , , P  )
K=1  ̂ 1 m=l *
k = i ndex  i d e n t i f y i n g  wind d i r e c t i o n  s e c t o r  
q^fP)  = /  Q(p.O) do f o r  t h e  k s e c t o r
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Q( p, 0)  = emi s s i on  r a t e  o f  t h e  a r e a  s ou r c e  pe r  u n i t  
t i me ,  g r ams / s econd  
p = d i s t a n c e  from t h e  r e c e p t o r  t o  an i n f i n i ­
t e s i ma l  a r e a  s o u r c e ,  met e r s  
0  = ang l e  r e l a t i v e  t o  p o l a r  c o o r d i n a t e s  
c e n t e r e d  on t he  r e c e p t o r  
A = index i d e n t i f y i n g  t h e  wind speed c l a s s  
m = index i d e n t i f y i n g  t h e  c l a s s  o f  t he  
P a s q u i l l  s t a b i l i t y  c a t e g o r y  
*(k , A, m)  = j o i n t  f r e q ue n c y  f u n c t i o n  
S ( p , z ;  UgyP^ = d i s p e r s i o n  f u n c t i o n  d e f i n e d  in Equa t i ons  
3 and 4
z = h e i g h t  o f  r e c e p t o r  above ground l e v e l ,  
met er s
= r e p r e s n e t a t i v e  wind s pe ed ,  m e t e r s / s e c o n d s  
P^ = P a s q u i l l  s t a b i l i t y  c a t e g o r y  
For  p o i n t  s o u r c e s ,  t he  a ve r age  c o n c e n t r a t i o n  Cp due t o  n p o i n t  
s ou r c es  i s  g i v e n  by:
n 6 6
Cp = 16 Z Z Z *(k ,&,m)G S(p , z ;U ,P )
^ 2 tt n = l  £=1 m=l " n n m
Pn
where k^ = wind s e c t o r  a p p r o p r i a t e  t o  t he  n p o i n t
s our ce
6 ^ = emi s s i on  r a t e  o f  t he  n p o i n t  s o u r c e ,  
gr ams / second  
p^ = d i s t a n c e  from t h e  r e c e p t o r  t o  t h e  n*** 
p o i n t  s o u r c e ,  me t e r s
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I f  t h e  r e c e p t o r  i s  preseumed t o  be a t  ground l e v e l ,  t h a t
i s ,  2=0,  t hen  t he  f u n c t i o n a l  form o f  S ( p , z ;  U P ) w i l l  be:
S, m
S( p , 0 ; U ,P ) = 
I  m exp
2irU CT (p)  
& z
e x p f - 0 . 692p
U T
& ^
i f  a (p)  < 0 . 8  L and
S(p.O;U ,P ) = exp - 0 . 6 9 2 p
A m  U L 1 U T 
A \  A %
i f  a (p)>O.BL.  New t e rms  in  Equa t i on s  3 and 4 a r e  d e f i n e d  as 
z
f o l 1ows:
a (p)  = v e r t i c a l  d i s p e r s i o n  f u n c t i o n ,  i . e . ,  t he  
z
s t a n d a r d  d e v i a t i o n  o f  t he  p o l l u t i o n  c o nce n­
t r a t i o n  in  t h e  v e r t i c a l  p l a n e ,  m e t e r s ,  
h = e f f e c t i v e  s t a c k  h e i g h t  o f  s o u r c e  d i s t r i b u t i o n ,
i . e . ,  t h e  a ve r a ge  h e i g h t  o f  a r e a  sou r c e
th
e mi s s i o n s  i n  t he  k wind d i r e c t i o n  s e c t o r  
a t  r a d i a l  d i s t a n c e  p f rom t h e  r e c e p t o r ,  
m e t e r s ,
L = t h e  a f t e r n o o n  mi xi ng  h e i g h t ,  m e t e r s ,
T = assumed h a l f  l i f e  o f  p o l l u t a n t ,  h ou r s .  
h
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The p o s s i b i l i t y  o f  p o l l u t a n t  removal  by p h y s i c a l  o r  chem­
i c a l  p r o c e s s e s  i s  i n c l u d e d  in t he  program by t he  decay  e x p r e s ­
s i o n  exp ( - 0 . 6 0 2 p / U  T ) .
a H
Al t hough s i m i l a r  i n  many r e s p e c t s  to t he  AQDM, t h e  COM i s  
a r e f i n e d  v e r s i o n  o f  t h e  AQDM wi t h  s e v e r a l  d i s t i n c t  f e a t u r e s .
In t he  CDM, a r e a  s o u r c e s  a r e  c a l c u l a t e d  u s i ng  t he  nar r ow plume 
h y p o t h e s i s  a p p l i e d  f o r  winds w i t h i n  a s e c t o r  which i n v o l v e s  an 
upwind i n t e g r a t i o n  o v e r  t he  a r e a  s o u r c e s .  ( 2 3 , 2 4 )  Emi ss i on  
r a t e s  a t  v a r i o u s  upwind d i s t a n c e s ,  u s i n g  an expand i ng  s c a l e ,  
a r e  a v e r a g e  o v e r  an a r c  w i t h i n  t he  s e c t o r .  A power l aw f o r  
t he  v e r t i c a l  wind p r o f i l e  which i s  a f u n c t i o n  o f  s t a b i l i t y  i s  
used t o  e x t r a p o l a t e  s u r f a c e  winds t o  t h e  s o u r c e  h e i g h t .  E s t i ­
mat i on  o f  e f f e c t i v e  h e i g h t  s o u r c e s  i s  by t h e  B r i g g ' s  plume 
r i s e  e q u a t i o n .  (25)  The t o t a l  c o n c e n t r a t i o n  a t  each r e c e p t o r  
i s  t h e  sum o f  32 c o n c e n t r a t i o n s .  These c o n c e n t r a t i o n s  a r e  
t h o s e  f rom p o i n t  and f rom a r e a  s o u r c e s  f o r  each o f  t h e  16 wind 
d i r e c t i o n s .  The v a l u e s  a r e  r e t a i n e d  and a r e  u s e f u l  i n  p l o t t i n g  
d i r e c t i o n  c o n t r i b u t i o n  p o l l u t i o n  r i s e s .  The comput er  c o mp u t a t ­
i ona l  t i me  o f  t h e  CDM i s  a b o u t  73% o f  t h a t  r e q u i r e d  by t h e  AQDM.
The CDM i s  n o t  w i t h o u t  i t s  s h o r t c o mi n g s .  Al t hough t he  
model i s  c o n c e p t u a l l y  q u i t e  s i mp l e ,  t h e  s u p e r p o s i t i o n  o f  t he  
e f f e c t s  p r oduced  by a complex d i s t r i b u t i o n  o f  p o l l u t a n t  e mi s ­
s i o n s  unde r  a complex s equence  o f  m e t e o r o l o g i c a l  c o n d i t i o n s  
q u i c k l y  o b s c u r e  t he  s i mp l e  q u a n t i t a t i v e  p r o p e r t i e s  o f  t he  
model i n  t h e  ma s s i v e  d e t a i l s  o f  p a r t i c u l a r  a p p l i c a t i o n s .  Under 
t h e s e  c i r c u m s t a n c e s ,  t h e  numer i ca l  p r o p e r t i e s ,  t h a t  i s ,  t h e
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r e l a t i o n s h i p  be tween model o u t p u t  and i t s  numerous i n p u t s ,  a r e  
o n l y  poor l y  u n d e r s t o o d .  (24)  To g a i n  a b e t t e r  u n d e r s t a n d i n g  o f  
t h e  CDM, i t  was s u b j e c t e d  t o  an i n p u t - o u t p u t  s e n s i t i v i t y  a n a l y s i s  
i n  1972 by T u r n e r ,  Zimmerman and Buss e .  (26)  The r e s u l t s  i n d i ­
c a t e d  t h a t  t h e  CDM g i v e s  a good e s t i m a t e  o f  t he  mean and maximum
c o n c e n t r a t i o n  f o r  SO , b u t  somewhat  u n d e r e s t i m a t e s  t h e  TSP con-
2
c e n t r a t i o n s ,  p a r t i c u l a r l y  t he  maximum. I t  shoul d  a l s o  be not ed 
t h a t  o f  t he  two more complex model s  (AQDM and CDM) t e s t e d ,  t he  
d a t a  i n d i c a t e d  t h a t  t h e  CDM y i e l d  b e t t e r  r e s u l t s .
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General  Comments
Emi ss ions  i n v e n t o r y  e s t i m a t e s  a r e  i n h e r e n t l y  c r ude  and 
s u b j e c t  t o  u n c e r t a i n t i e s .  One sho r t c omi ng  of  a i r  p o l l u t i o n  
mode l l i ng  in i t s  p r e s e n t  form i s  t h a t  a c o n s t a n t  e mi s s i o n s  
i n v e n t o r y  i s  used even t hough s i g n i f i c a n t  v a r i a t i o n s  o c c u r  
d i u r n a l l y ,  we e k l y ,  and s e a s o n a l l y .  The f a c t  t h a t  d i u r n a l l y  
c o n s t a n t  e mi s s i o n  r a t e s  may l e a d  to  o v e r - p r e d i c t i o n  o f  c o n c e n ­
t r a t i o n s  has been p r e v i o u s l y  no t ed  by Cl a r ke  (27)  and Tu r ne r  ( 2 8 ) ,  
both of  whom i n d i c a t e d  t h e  need f o r  l ower  e mi s s i o n  r a t e s  a t  
n i g h t .
Anot her  p o s s i b l e  s o u r c e  o f  e r r o r  may be in t h e  m e t e o r o l o g i c a l  
d a t a  used i n a i r  p o l l u t i o n  m o d e l l i n g .  Most m e t e o r o l o g i c a l  d a t a  
i s  c o l l e c t e d  a t  a ne a r by  a i r p o r t  we a t he r  s t a t i o n ,  wi t h  t h e  
a s sumpt i on  t h a t  t h i s  i s  r o u g h l y  r e p r e s e n t a t i v e  o f  t h e  urban  a r e a  
be ing model ed.  Thi s  m e t e o r o l o g i c a l  d a t a  may be a poor  i n d i c a t i o n  
o f  t h e  urban m e t e o r o l o g i c a l  c o n d i t i o n s ,  and p a r t i c u l a r  c a u t i o n  
shoul d  be e x e r c i s e d  in a p p l y i n g  models  t o  l o c a l e s  where t he  
t opogr aphy  i s  c o m p l i c a t e d .  F i n a l l y ,  t he  method f o r  e s t i m a t i n g  
mixing d e p t hs  i s  no t  e x a c t .  B e t t e r  mode l l i ng  s h ou l d  r e s u l t  when 
da t a  based on a c t u a l  a t m o s p h e r i c  sound i ngs  can be u t i l i z e d .
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CHAPTER I I I -  METHODS AND APPROACH
In order to apply the CDM to the study areas, various parameters had 
to  be determined and data co llec ted . This chapter explains in d e ta il the 
various methods and approaches to  data co llec tion , CDM c a lib ra tio n , and 
CDM output with respect to  each phase of the study.
STUDY AREA
In th is  research p ro jec t, two areas of the c ity  were designated as the 
study areas. In the beginning of th is  research study p o litic a l as well as 
community concern was being expressed about the quality  of a i r  in a 2.8 
mile by 4.7 mile area around the New Orleans Grain Elevator. As a re su lt  
of the p o litic a l in te re s ts , th is  sm aller in te rc ity  area was incorporated in 
the CDM study in order to provide s ta t i s t i c a l  comparisions on p a rticu la te  
m atter (TSP) with the other CDM study area. The New Orleans Grain Elevator 
study area is  shown in Figure 2 and 3.
The other CDM study area is  the e n tire  New Orleans SMSA which encom­
passes the 18.9 mile by 24.6 mile metro area. This area includes the c ity  
o f New Orleans as well as the surrounding suburban areas both industria l 
and re s id e n tia l. The New Orleans SMSA study area is  shown in Figure 4.
In order to apply the CDM to these areas of the c ity , a rectangular 
grid  array of uniform-sized squares was used to overlay the regions of 
in te re s t.  The main purpose of th is  grid  is  to catalog the emission inven­
to rie s  by area sources. A to ta l of 60 grid  squares (6 X 10) was used in the 
New Orleans Grain Elevator study (NOGE) and 520 grid squares (20 X 26) was 
used in the New Orleans SMSA study (NOSMSA). For the NOGE study, each
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grid square is  762 meters on a s ide,  and for  the NOSMSA each grid  is  1524 
meters on a side . The locations where each grid  l ine of  an array crosses 
another g rid  l ine i s  called a receptor. The model allows the user to choose 
additional receptors anywhere in the study area by designating the proper 
X and Y coordinates of the location of in te re s t.  The receptors have assigned 
X and Y coordinates and the CDM will  ca lcu la te  TSP concentrations fo r each 
receptor. The o rig in  of each overlay grid  is  located in the lower left-hand 
corner of the array with the X-axis pointing toward the e a s t and the Y-axis 
pointing toward the north. With respect to the map coordinates of th is  
region, the NOGE study has i t s  o rig in  a t  X-coordinate 775.24 and Y-coordinate 




Certain meteorological parameters are necessary input fo r the CDM.
Wind d irec tio n , wind speed and a s ta b i l i ty  category are funnelled together 
to form a jo in t  frequency function 0 (K,&,m). This function gives the jo in t  
frequency of occurrence of a wind d irec tion  sector K, a wind speed class &, 
and a s ta b i l i ty  category index m. There are 576 en tries  in the tab le  for 
the jo in t  frequency function. This number o f values re su lts  from 16 
d iffe ren t wind vectors, six  wind speed c la sses , and six  s ta b i l i ty  classes 
used in determing the frequency function.
Weather observations are taken hourly by m eteorologists of the National 
Weather Service a t  Moisant A irport in New Orleans and forwarded to the 
National Climatic Center (NCC) in A sheville , North Carolina fo r compilation
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and tabulation . The weather data collected  a t  Moisant i s  representative of 
the meteorological conditions of adjacent communities within our study areas. 
The Day-Night version of the NCC program called STAR gives the proper form 
of the jo in t  frequency function which is  used d irec tly  as input into the 
COM. The jo in t  frequency function is  shown in Table 3.
The s t a b i l i ty  c la ss if ica t io n  o f  the Day-Night STAR program d iffe rs  
from the original STAR program in th a t  the Pasqui11-Gifford s ta b i l i ty  class 
4 has been separated into two c la sses ,  4 and 5, representing neutral (P-G 
s ta b i l i ty  class 4) daytime conditions and neutral (P-G s ta b i l i ty  class 4) 
nighttime conditions, respectively . In addition, in the revised program the 
remaining nighttime Pasqui11-Gifford s ta b i l i ty  classes (5 and 6 ) are lumped 
into c lass  6 . The re la tion  between the Pasqui11-Gifford s ta b i l i ty  classes 
and those used in the Climatological Dispersion Model is  shown in Table 4.
TABLE 4







The wind speed U for the various weather bureau c lasses  (Table 5 ) is  
taken as the central wind speed of the c lass . I t  should be noted th a t  the 
central wind speed of the lowest wind speed class was a rb i t r a r i ly  taken as
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1.5 meters per second. This means th a t  l ig h t  winds reported in the f i r s t  
wind speed c lass  were rounded up to th is  value, since most operational wind 
instruments do not sense low wind speeds accurately. Operational wind ins tru ­
ments are designed for durab ility  and also to withstand exposure to strong, 
gusty a irflow . For these reasons, most wind sensors have a high s ta r ting  




Wind Speed Class Speed In te rv a l,  Knots Class Wind Speed, m/sec
1 0 to  3 1.50
2 4 to  6 2.46
3 7 to  10 4.47
4 11 to  16 6.93
5 17 to 21 9.61
6 > 21 12.52
Wind P rofile
To account fo r  an increase of wind with height above a height of 10 
meters (anemometer height) to the level o f emission, a power law rela tion  of 
the form
U(z) = Uĵ (z/Zq)P
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i s  used in the computational program. The exponent p, as determined by 
DeMarrais (1959), depends on the s ta b i l i ty  class and is  given in Table 6 .
TABLE 6 
EXPONENTS FOR WIND PROFILE
S ta b il i ty  Class Exponent (p)
1 0 .1
2 0.15





The magnitude of the mixing height undergoes considerable d iurnal, 
seasonal, and annual va ria tion . I t  is  impractical to account for a l l  such 
varia tions in d e ta i l .  Nevertheless, some recognition is  given to  changes 
in the magnitude of the mixing height by assigning values to d iffe ren t  




S ta b il i ty  Class Mixing Height, Meters




4 night (HT + HMIN)/2
5 HMIN
6 HMIN
In Table 7 ,  HT is  the climatological mean value of the mixing height as 
tabulated by Holzworth (1972) and HMIN is the nocturnal mixing height.
S ta b il i ty  Classes
The lower layer of the urban atmosphere is  generally more unstable than 
is the corresponding adjacent rural atmosphere. To account fo r  th is ,  mod­
if ica tio n s  have been made to the s t a b i l i ty  class applied in the calculation 
of concentration from area sources. This modification consists of decreasing 
the s t a b i l i ty  c lass by one class with the exception of P^, which is  unaltered. 
This correction is  not applied to point sources.
During the night with a surface inversion condition and a rural c lass 
s t a b i l i ty  of Pg, the neutral s t a b i l i t y  class P  ̂ is  assumed for both point 
and area sources. Otherwise, there i s  no modification of the s t a b i l i ty  
classes applied to point source ca lcu la tions .
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Dispersion Functions
An analytical approximation to the curves of Pasqui11 (1961) and Gif­
ford (1961) for the vertical dispersion function o^(p) is  made by using 
an empirical power law in the form
=z(p) '  Pp'’
The parameters a and b for various s t a b i l i t i e s  and ranges of distance p are 
given in Table 8 .
TABLE 8 
PARAMETRIC VALUES FOR o^(p)
Distance, Meters
S ta b il i ty  Class
100  to 500 500 to 5,000 5,000 to 50,000
a b a b a b
1 0.0383 1.2812 0.2539x10"^ 2.0886 - -
2 0.1393 0.9467 0.4936x10'^ 1.1137 - -
3 0 .1 1 2 0 0.9100 0.1014 0.9260 0.1154 0.9109
4 0.0856 0.8650 0.2591 0.6869 0.7368 0.5642
5 0.0818 0.8155 0.2527 0.6341 1.2969 0.4421
6 0.0545 0.8124 0.2017 0.6020 1.5763 0.3606
An in i t i a l  value of the dispersion function a^(0) is  used in the pro­
gram to represent the vertica l dispersion created by the roughness of urban 
topography (buildings). For area sources, i t  is  possible to input a d i f ­
feren t value of in i t i a l  fo r  each s ta b i l i ty  c la ss ,  th a t  i s ,  six  d iffe ren t 
values. Normally, however, and as shown in the i l lu s t r a t iv e  example, the
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same value (30 meters) is  used for a l l  s t a b i l i ty  classes.
The value of in i t i a l  for point sources has been made a function of 
the height o f the stack above the ground. For stacks a t  ground level to 
20 meters above the ground lev e l,  i n i t i a l  is  assumed to be 30 meters.
For stack heights between 20 and 50 meters above the ground lev e l,  in i t ia l  
is  decreased linearly  according to the equation
0^(0) = 50 - H
where H is  the stack height in meters. For stacks 50 meters above the 
ground or higher, the value of in i t i a l  o^ is  zero.
Plume Rise
There are provisions in the program for the user to  have a choice in 
estimating the plume r is e .  The f i r s t  option makes use of the "2/3 law" due 
to  Briggs (1971). The formula i s  given by
Ah = 1.6F U"̂  p p<3.5X*
and
Ah = 1.6F U"̂  (3.5X*)^/^ p>3.5X*
X* = 14F i f  F < 55
X* = 34F i f  F > 55.
where Ah = plume r i s e ,  meters
<(t, - V / y
2
g = acceleration due to g ravity , m/sec 
Vg = average e x i t  velocity  of gases of plume, m/sec 
Rg = inner radius of stack , meters 
Tg = average temperature of gases in plume, °K 
Tg = ambient a i r  temperature, °K
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U = wind speed a t  stack height, m/sec 
p = distance from source to receptor, meters 
As suggested by Briggs, p/X* was not allowed to exceed the lim iting value of 
3.5.
For the other option on plume r i s e ,  the value o f  the product of the 
average wind speed and the height o f plume r ise  may be used. This option 
permits no varia tion  of th is  product with distance from the stack and the 
magnitude of the plume r i s e  is  a t  the d iscretion  of the user. The afore­
mentioned in te rre la t ionsh ip s  can be seen in the User's Guide for the 
Climatological Dispersion Model.
Emissions Inventory
The a i r  po llu tan t emission inventory forms the basis o f making an 
assessment o f  a i r  quality  management problems in any study area. For the 
purposes of th is  study, po llu tan t sources were separated in to  point sources 
and area sources.
Point sources
In both the NOGE and NOSMSA, 6 6  major point sources were used which 
combined fo r  498 individual point sources. The COM considers each stack a t  
each company as an individual point source. This point source emission 
inventory was obtained by surveying the 1975 updated inventory f i l e s  of the 
Louisiana Air Control Agency. The 6 6  major point sources are shown in 
Table 9.
In order to run the COM, sp ec if ic  data i s  required as input into the 
dispersion model. For a point source the following minimum data are
TABLE 9 “
POINT SOURCES IN STUDY AREA
New Orleans Public Crain Elevator 
Celotex Corporation





Southern Johns-Manville Products Corp. (4th St.)
Kaiser Aluminum and Chemical Corp.





Gulf States Asphalt Co.
National Gypsum Co. (Louisiana St.)
Amerada Hess Corp.









P o in t  S ou rces TABLE 9 Continued o=.««
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New Orleans Public Service Inc. (Michoud Steam Electric Station) 
Southern Johns-Manville Products Corp. (North Galvez St.) 
Publicker Chemical Corp.
Bol Bros. Construction Inc.
American Cyanamid Co.
Amax Nickel Refining Co.
T,L. James Co.
Lambert Industries 
Jimco Inc. (Airline Hwy)
Simonson Bros. Construction Co.




Sewerage and Water Board of New Orleans (Power House No. 2) 
Plexco





New Orleans East Incinerator
Hobson Galvanizing Corp.
St. Louis Street Incinerator 
Oronite




Avondale— Service Foundry 





American Can Co. (North Cortez Street)
Zonolite Co.
New Orléans Asphalt Plant





• Dixie Building Materials
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required: pollu tants  emitted; source emission ra te ;  physical stack
parameters such as stack diameter, stack height, stack e x i t  velocity and 
stack ex it  temperatures; and location of the source in appropriate grid 
coordinates. The data collection form used in th is  research is  shown in 
Table 10.
Area sources
All source emissions th a t  are not included in point source emission 
inventory are usually a ttr ibu ted  to area sources. Area sources include the 
multitude of minor sources whose small emissions make them impractical to 
consider as individual point sources. Such area sources are typ ically  
treated as a grid network of specific  area, with pollu tants emissions d is ­
tributed uniformly within each grid square. Commonly, emissions from such 
sources are prorated over areas of one to one-hundred square kilometers, 
depending on the available detail of emission data and desired refinement 
of modeling re s u l ts .  Required area source information would be (1) types 
and amount of po llu tan t emissions, ( 2 ) the physical s ize  of the area (grid 
square) over which emissions are apportioned, (3) a representative average 
stack height fo r the area sources, and (4) the location of each area source 
or grid square in the modeling analysis area.
For th is  modeling study the most current area source emission inventory
fo r each parish was obtained from EPA in the National Emissions Data System
(NEDS). The area source emission inventory (NEDS Data) was brought up to
the most recent time period for which adequate data was available. The
updated NEDS - Area Source data for each parish is  shown in Tables 11, 12,
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T A B LE  1 4  U PDATED N ED S -  AREA SOURCE DATA FO R PLA Q U EM IN ES P A R IS H
Page 57
In order to  u t i l i z e  the updated NEDS -  Area Source data , the individual 
parish-wide emissions had to be disaggregated and appropriately allocated 
(as emissions) to smaller areas to provide an adequately detailed input for 
COM.
The CAASE programs (CAASE 1 through CASSE 5) with associated subroutines 
and off line  procedures provide an objective method fo r  allocating parish- 
level data to grid squares selected on the basis of demographic features 
and sized to give appropriate detail fo r  input to a i r  quality  modeling pro­
grams. CAASE is  an acronym made up of the f i r s t  l e t t e r s  of Computer Assisted
29Area Sources Emissions Gridding Procedures.
The objective of the CAASE method is  the improvement o f the character­
ization of area sources. Basic data for the determination of area source 
emissions seldom, i f  ever, are available fo r  geographic or po lit ica l units 
or areas smaller than the parish, or in some casses, the large c ity  which 
functions p o l i t ic a l ly  independently of the surrounding parishes. These basic 
data (NEDS-AREA Source) are in the form o f ,  fo r  example, annual fuel con­
sumption, by fuel type for re s id en tia l ,  fo r  commercial and in s t i tu t io na l  and 
for industria l heating; acreage burned by fo res t  f i r e s ;  landing-take-off 
cycles for m il i ta ry ,  fo r  commercial and fo r  c iv il  a i r  c ra f t ;  gasoline or 
diesel fuel consumed by l ig h t ,  heavy and off-high vehicles, or vehicle miles 
traveled by road c la s s if ic a t io n ,  e tc .  These data can be converted to po ll­
utant emissions by the application of appropriate emission factors.
The geographic size  o f a parish , however, is  too large for practical 
use in simulation models for AQCR's. Logical procedures are required for 
d is tr ibu ting  the parish to ta ls  basic data or derived emissions data to 
smaller areas. Further constrain ts imposed by the simulation models require
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th a t  these small areas be squares, although they need not be of uniform s ize . 
Various c r i t e r ia  have been proposed as basis fo r selecting the sizes and 
d is tr ibu tion  of the emission area squares. Urbanization, land use, housing 
counts, and population have a ll  been used subjectively to grid AQCR's into 
emission area squares (hereafte r  called grid squares) and subsequently to 
apportion parish to ta ls  o f po llu tan t emissions into each grid square. In 
general, the philosophy followed has required tha t urbanized or industr ia lized  
portions of the parish or AQCR be gridded in to  small squares to provide fo r  
detailed representation of concentration of pollution sources. Conversely, 
rural areas with few pollution sources are adequately represented by large 
grid  squares. E ssen tia lly , application of th is  philosophy re su l ts  in appor­
tioning county to ta l emissions to  grid squares according to subjective e s t i ­
mates of the d is tr ibu tion  of population. Since a i r  pollution derives from 
human a c t iv i ty  th is  procedure provides a reasonable approach to  developing 
area source emission d is tr ib u t io n s .
The development of the CAASE programs began as an e f fo r t  to reduce the 
sub jec tiv ity  inherent in d is tr ib u tin g  population into pre-selected grid  
squares. Success in th is  e f fo r t  would concurrently reduce the time and 
e f fo r t  required to complete the area source emission d is tr ib u tio n .
The Bureau of the Census of the U.D. Department of Commerce has prepared 
a modified Master Enumeration D is t r ic t  L is t  (MEDList) which includes, in 
addition to the d i s t r i c t  id e n t i f ic a t io n ,  population count, housing count, 
e t c . ,  the geographic coordinates of the center of area o f each of the 
enumeration d i s t r i c t s .  A computer p lo t of these population cen ters , coded 
to graphically represent population count used in conjunction with U.S. 
Geological Survey maps providing topographic and te rra in  fea tu res , furnishes
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a re la tiv e ly  de ta iled  information base for constructing a parish grid square 
system.
In both study areas, the grid squares system was fixed a t  762 meters 
(NOGE) and 1524 meters (NOSMSA) on a side. Since o f f - l in e  gridding is  done 
in the procedure steps between the execution of CAASE 2 and CAASE 3, only 
CAASE 1, CAASE 4, and CAASE 5 programs were used in the research study.
CAASE 1 s t r ip s  the MED-X* census tape f i l e s  for a l l  of the enumeration 
d i s t r i c t  population en tries for a l l  parishes in the Air Quality Control 
Region (AQCR) being processed. CAASE 1 also converts the coordinates of the 
center of each enumeration d i s t r i c t  from la t i tu d e  and longitude (in degrees) 
to Universal Traverse Mercator (UTM) coordinates which are used in disper­
sion modeling programs. CAASE 1 also writes tape f i l e s  to be used as input 
to the CAASE 2 and the CAASE 4 programs.
Since the grid  square system is  fixed and grid description cards have 
been prepared, the next step in the procedure i s  to use the CAASE 4 program 
which assigns apportioning values to each of the grid squares. For each 
area source emission category included on the area source input form, an 
apportioning fac to r  has been assigned using objective data when possible.
The area source emissions category numbers and th e i r  objective apportioning 
fac tor are shown in Table 15.
CAASE 4 program logic has been written to  permit the user to subject­
ively override any of the objective apportioning fac to rs .  The actual 
apportioning fac to r  for each source category used within the program, is
♦Master Enumeration D is tr ic t  L isting extended with geographic coordinates 
(MED-X).
TABLE 15 AREA SOURCE EMISSIONS CATEGORY NUMBERS 
AND THEIR OBJECTIVE Ai’l'ORTIONINC FACTOR Page 60
CATEGORY MAJOR MINOR OBJECTIVE
NUMBER CLASSIFICATION CIASSIFICATION APPORTIONING FACTOR*
1 RESIDEhTIilL FUEL ANTH. COAL HOUSING UNITS
2 RESIDENTIAL FUEL BITUM. COAL HOUSING UNITS
3 RESIDENTIAL FUEL D IST. OIL HOUSING UNITS
4 RESIDENTIAL FUEL RESID. OIL HOUSING UNITS
5 RESIDENTIAL FUEL NAT. CAS HOUSING UNITS
6 RESIDENTIAL FUEL WOOD HOUSING UNITS
7 COMM'L £ INSTITL FUEL ANTH. COAL POPULATION
8 COMM'L & INSTITL FUEL BITUM. COAL POPULATION
9 COMM'L 6 INSTITL FUEL D IST. OIL POPULATION
10 CO'M'L 6 INSTITL FUEL RESID. OIL POPULATION
11 COIM'L & INSTITL FUEL NAT. GAS POPULATION
12 COMM'L 6 INSTITL FUEL WOOD POPULATION
13 INDUSTRIAL FUEL ANTH. COAL POPULATION
14 INDUSTRIAL FUEL BITUM. COAL POPULATION
15 INDUSTRIAL FUEL COKE POPULATION
16 INDUSTRIAL FUEL D IST. OIL POPULATION
17 INDUSTai/\L FUEL RESID. OIL POPiriATION
18 INDUSTRIAL FUEL NAT. GAS POPULATION
19 INDUSTRIAL FUEL WOOD POPULATION
20 INDUSTRIAL FUEL PROCESS GAS POPULATION
21 ON-SITE INCINERATION RESIDEKTI/d. HOUSING UNITS
22 ON-SITE INCINERATION INDUSTRI/d. POPULATION
23 ON-SITE IKCINERiVTION C O m 'L  & INSTITL POPULATION
24 OPEN BURNING RESIDEirriAL HOUSING UNITS
25 OPEN BURNING INDUSTRIAL POPULATION
26 OPEN BURNING COMM'L & INSTITL FCPITA.TION
27 GASOLINE FUEL LIGHT VEHICLE POPULATION
28 GASOLINE FUEL HEAVY VEHICLE POPULATION
29 GASOLINE FUEL OFF KIGirwAY 1/PÛPUI.ATI0N DSNS i n
30 DIESEL FUEL HEAVY VEHICLE POPULATION
31 DIESEL FUEL OFF HIGHWAY 1/POPULATION DENSITY
3 2 DIESEL FUEL RAIL LOCOMOTIVE GRID SQ. SIDE LENGTH
33 AIRCRAFT MILITARY AREA
34 AIRCRAFT CIVIL AREA
35 AIRCRAFT COMMERCIAL AREA
36 VESSELS ANTH. COAL GRID SQ. SIDE LENGTH
37 VESSELS DIESEL OIL GRID SQ. SIDE LENGTH
38 VESSELS RESID. OIL GRID SQ. SIDE LENGTH
j39 VESSELS GASOLINE GRID SQ. SIDE LENGTH
40 EVAPORATION SOLVENT PURCHASED POPULATION *
41 EVAPORATION GAS MARKETED POPULATION
42 MEASURED VEH MILES LIMITED ACCESS RDS 1/POPULATION DENSITY
43 MEASURED VEH MILES RURAL ROADS 1/POPULATION DENSITY
44 MEASURED VEH MILES SUBURBAN RDS POPULATION
45 MEASURED VEH MILES URBAN ROADS POPULATION
46 DIRT RDS TRAVELED 1/POPULATION DENSITY
47 DIRT AIRSTRIPS 1/POPUl.ATION DENSITY
48 CONSTRUCT LAND AREA AREA
49 ROCK UAND.LG 6 STORAGE AREA
50 FOREST FIRES AREA-ACRES 1/POPULATION DENSITY
51 SLASH BURNING AREA-ACRES 1/POPULATION DENSITY
52 FROST CONTROL ORCHARD HEATERS 1/POPUI.ATION DENSITY
53 STRUCTURE FIRES NO. YEAR POPULATION
5 ', COAL REFUSE BURNING SIZE OF BANK AREA
*Kach of the above apportioning factors Is laaltiplie^ by a weighting factor where some 
arc inltliili/.cd as zero for all grid squares and some arc Initialized as 1.0 for all 
grid squares. These initial weighting factors can be overridden with input data if 
desired.
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the product of a weighting fac to r  and the assigned objective factor. This 
allows the user to override the programmed (or objective) apportioning 
factor within any particu la r  parish (or parishes) i f  information to do so 
is  available. The output of the CAASE 4 program includes binary tape f i le s  
which are used as input f i le s  to the CAASE 5 program. CAASE 4 output f i le s  
contain, fo r each grid square and source category combination for each
parish, a number which can be used to apportion a frac tion  of the parish.
Each parish within the AQCR is  processed separately through the CAASE 4 
program using the grid squares associated with the parish , the MED-X census 
data and any overriding weighting factors provided as additional input data.
The CAASE 5 program, using "fuel" to ta ls  fo r  each o f the emission source 
categories fo r area sources, apportions these "fuels" in to  the individual 
grid squares. CAASE 5 uses the same methods as those used in the EPA program 
NE03 to calculate  the emissions using fuel to ta ls  and emission factors fo r  
each of the source emissions categories . The term "SMEAR" has generally 
been used when describing the process of apportioning the to ta l  emissions 
fo r  a parish into the grid squares within a parish. The CAASE 5 program 
does the "SMEARING" by using apportioning factors assigned by CAASE 4.
CAASE 5 f i r s t  "SMEARS" the "fuel" fo r  each of the categories into each of
the grid squares and outputs (p rin ts )  a tabular l i s t in g  (and writes a binary 
magnetic tape) for a l l  grid squares within the parish fo r  each emissions 
source category. For each area source emissions category, each grid square 
receives a fraction of the parish to ta l  - tha t  frac tion  being the number 
associated with tha t  p a rt icu la r  grid  square and "fuel" category divided by 
the sum of a ll  apportioning numbers fo r  that " fuel" category within the 
parish. For any area source category, the apportioning frac tions summed 
over a ll  grid squares for th a t  parish equals unity.
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Procedurely, the pollu tant emissions are calculated fo r  the parish 
to ta ls  and then "SMEARED". This procedure is  used, ra th e r  than calculating 
emissions fo r  each grid square using "SMEARED" fu e ls ,  because the calcu l­
ations fo r  "SMEARING" do not require as much computer time as the calcul­
ations o f the emissions. For each source category, emissions are calcul­
ated fo r  the f ive  pollu tants : suspended partic les  (SP), su lfu r  dioxide 
(SOg)» oxides of nitrogen (NO^), hydrocarbons (HC), and carbon monoxide (CO).
As emissions of each po llu tan t are  calculated and "SMEARED", a tabular 
l i s t in g  is  output (printed) o f  the "SMEARED" emissions fo r  each pollutant 
as was done with the fu e ls .  The parish to ta ls  fo r  each emissions source 
category are output to indicate the contribution of each of them to the 
to ta l emissions for each po llu tan t. For each grid square the "SMEARED" 
emissions from a ll  source categories are summed fo r  each pollu tant for out­
put in the Implementation Planning Program (IPP) expanded card format for 
area source inputs. A binary magnetic tape is  also w ritten  containing a ll  
data items in the tabular l i s t in g s  and card decks. The output from CAASE 5, 
then includes tables of "SMEARED" fuel to ta ls  and "SMEARED" emissions for 
each of the f ive  pollutants o f in te re s t ,  where fo r  each grid square a 
separate value is  printed for each source category.
Figures 5 through 9 are examples of tables of apportioned fuels for 
Orleans Parish, Louisiana; five  tab les are always necessary to output 
apportioned fuels  fo r a l l  source categories. Apportioned emissions tables 
are output in a format sim ilar to the apportioned fuels  tab les ,  and Figure 
10  is  an example of the f i r s t  page of the f i r s t  tab le  fo r  particu la te  emissions 
fo r  Orleans Parish, Louisiana. Figure 11 is  an example of the table printed in 
the CAASE 5 program to depict the contributions of each source category to 
the parish to ta ls  for each po llu tan t;  pollutants numbered 1 through 5
Grid
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A N T H ,  B I T U M ,  O I S T . O I L  P F S , O T L  - N A T , R « S  WOOD
l O F l T  l O E l T  L 0 E 4 0 A L S . . 1 0 E 4 0 A L S . .  1 0 E 7 = T 3  _ 1 0 E ? T
1 8 0 1 0 6 O R L E 7 9 6 , 6 3 3 0 8 . 1 2 , 3 2 0 , 0 , 0 , 0 , 0 , 0 ,
1 8 1 1 0 6  . . . .. 0 P L 5  . . 7 9 B , 1 3 3 0 8 ,  1 2 , 3 2 0 , 0 ,  . . . 0 ,  . . . . 0 , 0 ,
? 0 1 1 0 6 0 * »L E 7 8 9 , 0 3  3 0 9 . 5 2 , 3 2 0 , 0 , 0 , 0 . 0 . 0 ,
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2 2 7 1 0 6 O P L E 7 8 9 , 0 3 3 1 1 , 0 ?.. 3 2 0 , 0 . 0 , n . 1 . 0 .
2 2 8 1 0 6 O P L E 7 9 0 . 5 3 3 1 1 , 0 2 , 3 2 0 . 0 . 0 . . 0 . _ _ _ _ _  0 .  —  _ 0 .
2 2 9 1 0 6 O P L E 7 9 2 . 0 3 3 1 1 . 1 2 . 3 2 0 . 0 , 0 , 0 , 0 . 0 .
2 3 0 1 0 6 O R L E 7 9 3 . 5 3 3 1 1 . 1 2 , 3 2  .. . . 0 ,  . . . 0 .  . 0 , 0 . 0 , 0 ,
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2 4 4 1 0 6 O P L E 7 7 5 , 2 3 3 1 2 , 3 2 ,  3 2 0. . 0 , 0 ,  . . 0 . 0 , 0 ,
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2 7 2 1 0 6 O P L E 7 7 8 , 2 3 3 1 3 , 9 2 . 3 2 0 . 0 . 3 . n . 2 8 . 0 ,
2 7 3 1 0 6 O P L E 7 7 9 . 8 3 3 1 3 , 9 2 . 3 2 0 , 0 . 6 .  _ _ _ n . 4 8 , 0 ,
2 7 4 1 0 6 O R L E 7 8 1 , 3 3 3 1 4 , 0 2 .  3 2 0 , 0 . 6 . 0 , 5 2 . 0 ,
2 7 5 1 0 6 O P L E 7 8 2 . 8 3 3 1 4 , 0 2 , 3 2 0 . 0 , 2 .  ... 0 , . _ .  1 6 .  .  _ 0 ,
2 7 6 1 0 6 O P L E 7 8 4 . 3 3 3 1 4 . 0 2 . 3 2 0 . 0 , 1 , 0 . 9 . 0 ,
2 7 7 1 0 6 O P L E 7 8 5 . 9 3 3 1 4 . 0 2 .  3 2  . „ .  0 , _ . . 0 , 0 , 9 , 0 ,
2 7 8 1 0 6 O P L E 7 8 7 . 4 3 3 1 4 . 0 2 . 3 2 0 , 0 , 1 , 0 , 6 , 9 ,
2 7 9 1 0 6 O R L E 7 P 8 , 9 3 3 1 4 ,  1 2 . 3 2 0 , 0 . 0 . 0 , 0 . 0 ,
2 8 0 1 0 6 O R L E 7 9 0 , 4 3 3 1 4 . 1 2 , 3 2 0 . 0 . 0 . 0 , 0 , 0 .
2 9 6 1 0 6  . .  . . . O P L E 7 7 5 , 2 3 3 1 5 . 4 2 , 3 2 0 . 0 , 0 . O , . 4 . ___ 0 .
2 9 7 1 0 6 O P L E 7 7 6 . 7 3 3 1 5 . 4 2 , 3 2 0 . 0 . 4 . 0 . 3 0 , 0 ,
2 9 8 1 0 6 O P L E 7 7 8 . 2 3 3 1 5 . 4 2 . 3 2 0 , 0 , 2 .  . 0 , 1 9 , 0 ,
2 0 9 1 0 6 O R L E 7 7 9 , 7 3 3 1 5 , 5 2 .  3 2 0 . 0 , 6 , 0 . 5 0 , 0 ,
3 0 0 1 0 6 O P L E 7 8 1 , 3 3 3 1 5 , 5 . 2 , 3 2 0 . 0 . 6 . 0 . 4 9 , 0 .
3 0 1 1 0 6 O R L E 7 8 2 , 8 3 3 1 5 , 5 2 . 3 2 0 . 0 . 0 . 0 . 3 . 0 .






* * * * * *  C O M M E R C I A L  A N C  I N S T I T U T I O N A L  F U E L  * * * * * * *  
A N T H ,  eiT U M . O I S T . O I L  R E S . O I L  N A T . G A S  W O P O  
l O E l T  l O c l T  1 0 E 4 S A L S  1 0 E 4 R A L S  l O E 7 r T 3  1 0 E 2 T
* * * * * * * * * * * *  I N P U S T R I A L  F i ) E i  * * * * * * * * * * * * * * * * * * * * * * * * _
A N T H ,  B I T U M ,  C O K E  O I S T . O I L  R ' " S . 0 l L  N A T . GAR w n n O  P R P C . G A S
l O E l T  l O E l T  l O F l T  1 0 E 4 0 « L S  1 0 F 4 0 A L S  1 0 E 7 = T 3  1 0 = 2 T  _ 1 0 E 7 * T ^
1 8 0 O P I E 0 . 0 . 0 . 0 . 0 . 0 . 0 . n . 0 .
1 8 1 O P I E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 0 1 D O L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 0 5 Q 9 L E 0 . 0 . 0 . . _ 0 . 0 .  . 0 . 0 . 0 . 0 .
2 0 6 0 » L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 0 7 C P L F . 0 . 0 . 0 . 0 . 0 * .  _ __ 0 . .......  . . 0 .
2 2 0 P9LE 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 2 6 O R L ? 0 . 0 . . 0 , .  0 . 0 .  . 0 . 0 . 0 . 0 .
2 2 7 Q 9 L F 0 . 0 . ? . 2 . 1 , 0 . 0 . 0 . 0 .
2 2 8 Q P L E 0 . 0 . 0 . . .  0 . 0 . 0 . 0 . 0 . 0 .
2 2 9 Q P L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 3 0 O p l E 0 . 0 . 0 . .  0 . 0 . 0 »  .  . 0 . 0 . 0 .
2 3 1 C R L E 0 . 0 . 5 . 5 . 2 . 0 . 0 . 0 . 0 .
2 3 2 OPIF 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 3 3 OR L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 4 4 O B L E 0 . 0 . 0 . 0 . 0 . n . 0 . 0 . 0 .
2 4 5 O P L E 0 . 0 . 2 1 . 1 8 . 9 . 0 . 0 . 0 . 0 .
2 4 6 O B L E 0 . 0 . 5 5 , 4 8 . 2 5 . 0 . 0 . 0 . 0 .
2 4 7 O R L F 0 .  " 0 . - - - - - - - - - 4 0 , 3 5 . 1 8 . 0 . 0 . 0 . 0 .
2 4 3 O B L E 0 . 0 . 2 7 . 2 3 . 1 2 . 0 . 0 . 0 . 0 .
2 5 1 Q B L E 0 . 0 . 3 . 3 . 1 . 0 . 0 . 0 . 0 ,
252 O B L E 0 . 0 . 2 2 . 1 9 . 1 0 . 0 . 0 . Oo 0 .
2 5 3 O P L E 0 . 0 . 1 6 . 1 4 . 7 . 0 . 0 . 0 . 0 .
2 5 4 O B L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 5 5 O B L E 0 . 0 . - - - - - - - - - 0 , " 0 . 0 . 0 . 0 . 0 .  ■ 0 .
2 5 6 O P L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 5 7 C B L F 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 5 8 O B L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 7 0 Q P L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 7 1 Q B L E 0 . 0 . 4 1 . 3 6 . 1 9 . 0 . 0 . 0 . 0 .
2 7 2 O B L E 0 . 0 . 5 3 . 4 7 . 2 4 . 0 . 0 . 0 . 0 .
2 7 3 OB. L E 0 . 0 . 8 6 # 7 6 . 3 9 . 0 . 0 . 0 . 0 *
2 7 4 O S  l e 0 . 0 . 8 1 . 7 2 . 3 7 . 0 . 0 . 0 . 0 .
2 7 5 O P L E 0 . 0 . 4 6 . 4 0 . 2 1 . 0 . 0 . 0 . 0 ,
2 7 6 OPLE 0 . 0 . 1 6 . 1 4 . 7 . 0 . 0 . 0 . 0 .
2 7 7 P R  L E 0 . 0 . 2 5 . 2 2 . 1 1 . 0 . 0 . 0 . 0 .
2 7 8 O P L E 0 . ■ 0 . 1 7 . 1 5 , 8 . 0 . 0 . 0 . 0 .
2 7 9 O R L E 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
2 8 0 Q P LE 0 . 0 . 0 . 0 . 0 . 0 .  • 0 . 0 . 0 .
2 9 6 O R L E 0 . 0 . 7 . 6 . 3 . 0 . 0 . 0 . 0 .
2 9 7 O P L E 0 . 0 . 5 5 . 4 8 . 2 5 . 0 . 0 . 0 . 0 .
2 9 8 P R I E 0 . 0 . 3 6 . 3 2 . 1 6 . 0 . 0 . 0 . 0 .
2 9 9 Q B L E 0 . 0 . 1 0 6 . 9 3 . 4 8 . 0 . 0 . 0 . 0 .
3 0 0 O R L E 0 . 0 . 9 1 . 8 0 . 4 1 . 0 . 0 . 0 . 0 .






. . .  0 .  
0. 
0. 
5 .  
Oo 
0.
. .. 0 .  
10. 
0. 
0 .  
0. 
4 1 .
1 0 9 .  












1 0 4 .
1 7 2 .




"  3 4 . '  
0. 





1 8 1 .
12.
0 . 0 . 0 .
0 . ___ _  0 . . . . . . . 0 .
0 . 0 . 0 .
0 . _ _ _ _ 0 . 0 .
0 . 0 . 0 .
_ 0 . _0 ._ 0 .
0 . 0 . 0 .
0 . 0 . 0 .
0 . 1 . 0 .
O o . 0 *  . _  - 0 .
0 . 0 . 0 .
0 . 0 .  0 .
1 . 2 . 0 .
0 . 0 . 0 .
0 . 0 , 0 .
0 . 0 . 0 .
4 . 7 , 0 .
1 1 . __ 1 9 . _ _ _ _ _ 0 .
8 . ' 1 4 . 0 .
5 . 9 . 0 .
1 . 1 . 0 .
4 . 8 . 0 ,
3 . 6 . 0 .
0 . _ _ _ _ _ 0 . _ _ _ _ _ 0 .
0 . 0 . 0 .
0 . 0 . 0 .
0 . 0 . 0 .
0 . 0 . 0 .
0 . 0 . 0 .
8# 1 5 . 0 .
1 1 . 1 9 . 0 .
1 8 . 3 0 . 0 .
1 7 . 2 9 . 0 .
9 . 1 6 . 0 ,
3 . 6 . n.
5 . 9 . 0 .
"  3 . ‘ 6 . 0 .
0 . 0 . 0 .
0 . 0 . 0 .
1 . 2 . 0 .
1 1 . 1 9 . 0 .
7 . 1 3 . 0 .
2 2 . ' 3 7 . 0 .
1 9 . 3 2 . 0 .















































FIGURE 6 TALBES OF APPORTIONED FUELS FOR ORLEANS PARISH
Grid
S C I J R C E
NUMBER COUNTY
•  C N  SITE I N C I N E R A T I O N  ♦  
R E S I O .  I N D U S T .  C - T N S T .  
J O e i T  . .  1 0 E 2 T  . 1 0 R 2 T
* * * * * *  O P E N  B U R N I N G  * * * * * *  
R E S  i n .  I N D U S T .  C O M . I N S T .  
1 0 E 2 T  1 0 E 2 T  1 0 E 2 T
* * * * * *  G A S O L I N E  = U E L  * * * * *  L T . V E M ,  H V . V P H .  0= E  H Î HY  
1 0 E 3 G A L  1 0 E 3 G A L  1 0 E 3 G M  . .
*«««**** OIESRL R'JFL ********. 
HV.VFH. 0E<= HIHY RAIL LOCO.’ 
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.. 0. .  
0. 
0 .  
2. 
0. 
0 .  
_ 0 .  
6 *  
n .  
0 .  
0 .  
21. 
6 0 .  
4 6 .  
2 7 .  
6 .  
22. 
12.
_  0 .  
0 .  
0 .  
0 .  













1 0 5 .
102.
6 .
0 . 0 . ■ 0 . 0 . 0 . 0 . 0 . 1 0 .
0 . 0 . , 0 . 0 . 0 . - 0 . . _  0 .
0 . 0 . 0 . 0 , 0 , 0 . 0 . 1 0 .
0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 0 ,  , .
0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 0 .
0 . 0 . 0 . 0 . 0 . 0 , 0 . 4 .
0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 .
0 . 0 . 0 . 0 . 0 . 0 . . . . . . . . .  0 .
0 . 0 . 2 6 9 . 2 5 . 1 6 9 . 2  3 . 6 . 1 0 .
0 . 0 . 0 . 0 , 0 . . . .  .  9 , . . .  0 . 1 0 ,  _ _ _ _ _ _ _ _ _
0 . 0 . 0 . 0 , 0 , 0 . 0 , 1 0 .
0 . n . 0 . 0 . 0 , 0 , 0 . _ _  1 0 ,
0 . 0 . 5 6 8 . 5 3 , 8 0 , 4 9 . 3 . 1 0 ,
0 . 0 . 3 . 0 . 0 . 0 . 0 . 1 0 .
0 . 0 . 0 . 0 , 6 , 0 . 0 . 1 0 .
0 .  . . .  . 0 . 0 . 0 , 0 . 0 . 0 . 2 4 ,
0 . 0 . 2 2 7 9 . 2 1 3 , 2 0 , 1 0 7 , 1 . 4 3 .
0 . n . 6 0 7 1 . 5 6 8 , 3 . 5 2 4 , 0 . 4 8 .
0 . 0 . 4 4 0 6 . 4 1 2 . 1 0 . 3 8 0 . 0 . 3 9 ,
0 . 0 . 2 9 4 6 , 2 7 6 . 1 5 , . . .  2 5 4 , _____ X. 1 0 ,
0 . 0 . 3 6 8 . 3 4 . 1 2 4 . 3 2 . 4 . 1 0 .
0 . 0 . 2 3 9 1 . 2 2 4 , 1 9 . 2 0 6 . . . . .  X . 1 0 ,
0 . 0 . 1 8 1 5 , 1 7 0 . 2 5 . 1 5 7 , 1 . 1 0 ,
0 . 0 » 0 . 0 , 0 , 0 . 0 . 1 0 ,
0 . 0 . 3 2 . 3 , 1 4 0 7 , 3 . 4 9 . 1 0 ,
0 . 0 . 0 . 0 . 0 . 0 . 0 . 19, ................
0 . 0 . 0 . 0 , 0 , 0 , 0 . 1 0 ,
0 . 0 .  . 0 . 0 , 0 , 0. 0 .
0 . 0 . 0 . 0 , 0 , 0, 0 . 3 4 .
0 . 0 . 4 5 8 3 , 4 2 9 , 1 0 . 3 0 6 , 0 , 1 0 ,
0 . 0 . 5 9 1 6 . 5 5 4 . 8 . 5 1 1 . 0 . 1 0 .
0 . 0 . 9 5 7 3 , 8 9 6 . 5 . R ? 6 , 0 . 1 0 ,
0 . 0 . 9 0 5 4 . 8 4 7 . 5 , 7 8 1 . 0 . 1 0 ,
0 . 0 . 5 0 6 3 , 4 7 4 . 9 . . .  4 3 7 . 0 . 3 9 .
0 . 0 . 1 7 5 8 . 1 6 5 , 2 6 . 1 5 2 . 1 . 2 0 .
0 . n. 2 7 3 4 . 2 5 6 . 1 7 . 2 3 6 . 1 . 1 0 .
0 . 0 . 1 8 7 2 , 1 7 5 , 2 4 , 1 6 2 . 1 . 1 0 .
0 . 0 . 0 , 0 , 0 . 0 . 0 . 1 0 .
0 . 0 . 0 . 0 , 0 , 0 . 0 . 1 0 ,
0 .  . _ 0 . 7 3 7 , 6 9 , .  6 2 , . . . . . . .  6 4 . _ _ _ _ 2 . 3 4 .  " U
0 . 0 . 6 0 9 8 . 5 7 1 . 7 , 5 2 6 . 0 . 1 0 ,  ®
0 . 0 . 4 0 2 1 . 3 7 6 . 1 1 . 3 4  7 . 0 . 1 0 ,  n>
0 . 0 . 1 1 7 2 8 . 1 0 9 8 . 4 . 1 0 1 2 . 0 .
. _  7 .  _ _ _ _ _ .0 . 0 . 1 0 0 9 2 . 9 4 5 . 5 . 8 7 1 . .  . .  0 .
0 . 0 . 6 8 2 . 6 4 . 6 7 . 5 9 . ?.. 2 9 .
FIGURE 7 TABLES OF APPORTIONED FUELS FOR ORLEANS PARISH.
G r i d
SOURCE
NUMBER COUNTY
*%-***» AIRCRAFT ****** 
MILIT, ■ CIVIL COMM'L, 
.LC10E2 LClOEl LClOEl
********** VESSELS ********** 
BITUM. OE, OIL PES.OIL GAS 
lOElT 10E4GAL 10E4GAL 10E3GAL
*** EVAPORATION *** 
SOL.PUP. GAS.MKTP. 
TONS/YR I0E5GALS
******* MEASURFP VEHICLE MILES ****** _ 
LTP.AGC, RUR.RPS, SUB.RPS. URB.ROS. 
10E4MI 10E4MI 10E4MI _  ,10E4MI__
180 ORLF 2. 92. 1. 0. 14. 8
131 ORLE 2. 92. 1. 0. 28. ......... 7
201 ORLE 2. 92. 1. 0. 28. 7
205 ORLE 2. 92. 1. 0. 28. 7
206 001 e 2. 92. 1. 0. 28. 7
207 ORLE 2. 92. 1. 0. „2 8 ._________ 7
220 ORLE 2. 92. 1. 0. 3. 2
.  .  226 ORLE 2. ........  92. . . . 1. 0. 28. 7
227 ORLE 2. 92. 1. 0. 28. 7
228 QPLE 2. . 92. „ . 1. 0. 28. 7
229 OR LE 2. 92. 1. 0. 28. 7
230 OPLE 2. 92. 1.- _  o._ 28. 7
231 ORLE 2. 92. 1. 0. 28. 7
232 ORLF 2. 92. 1. 0. 28. 7
233 OPLE 2. 92. 1. 0. 28. 7
244 OPLE 2. 92. 1. 0. 3. 2
245 ORLE 2. 92. 1. 0. 7. 4
246 ORLF 2. 92. 1. 0. 7. 4
247 QRL = 2. 92. 1. 0. 7. 4
248 ORLE ?. 92. 1. 0. 3. 2
291 ORLE 2. 92. 1. 0. 28. 7
292 ORLE 2. 92. 1. 0. 28. 7
253 ORLE 2. 92. 1. 0. 28. 7
254 ORLE 2. 92. 1. 0. 28. 7
255 ORLE 2. 92. 1. 0. 28. 7
256 ORLE 2. 92. 1. 0. 28. ...... 7
257 ORLE 2. 92. 1. 0. 28. 7
258 POLE 2. 92. 1. 0. 28. 7
270 OPLE 2. 92. 1. 0. 3. 2
271 ORLE 2. 92. 1. bo 28. 7
272 no 1.5 2. 92. 1. 0. 28. 7
273 ORLE 2. 92. 1. 0. 23. 7
274 OPLE 2. 92. 1. 0. 28. 7
275 ORLE 2. 92. 1. 0. 3. 2
ORLE 2. 92. 1. 0. 28. 7
277 ORLE 2. 92. 1. 0. 28. 7
278 OPLE 2. 92. 1. 0. « 23. 7
279 ORLE 2. 92. 1. 0. 14. 8
280 ORLF 2. 92. 1. 0. 28. 7
296 ORLF 2. 92. 1. 0. . 3. .............. ... 2
297 ORLE 2. 92. 1. 0. 28. 7
298 CPLE 2. 92. 1. 0. 28. 7
299 POLE 2. 92. 1. 0. 28. 7
300 ORLE 2. 92. 1. 0. 28. 7
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OIRT RDS DIRT AIR CCNÇTR. POCK HAND. 
TPAVFLED_ STRIPS LAND ACR AND STORG.
10E3MI LTD CYC 10E3ACR 10F3T










COAL E F . BURN,. 
BANK NUMBER 
SIZE. . PFR 
10=2Y03 YEAR
IRO . . .  ORLE . . 0 , ... 0 . ____  3 8 , 0 . 0 , Oo 0 , Oo 0 . 0 . . ... Oo
181 C L E 0 . 0 . 3 8 , 0 . 0 , 0 . 0 . 0 . 0 . 0 . 0 .
.. 201 CPLE ... ... 0 . ____  0 . 3 8 . . 0 . 0 . 0 .  . 0 . 0 . 0 . 0 . Oo
205 ORLE 0 , 0 , 3 8 . 0 . 0 . 0 . 0 . Oo 0 . Oo 0 .
20A ORLE 0 .  _........ 0 . - . __ 3 8 .  .______0 . 0 .  _ —  — 0 .  — _ 0 . ------0 . ____ .0. . . 0 ._
207 ORLE 0 , 0 , 3 8 , 0 , 0 , Oo Oo Oo Oo 0 , 0 .
_ . 220 O’ LE . . . 0 . 0 . . 3 8 . 0 . 0 . Oo Oo Oo 0 . Oo 0 .
226 OPLE 0 . 0 . 3 8 . 0 . 0 . 0 . Oo Oo Oo 0 , Oo
. . .  227 ORLE .. 4 , . 0 , 3 8 , 0 . 0 . 0 .  . 0 . n. 0 . 0 , . Oo
22R ORLF 0 . 0 . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
229 ORLF 0 , 0 , _ . 3 8 , 0 , .... ..........0 , „  .. Oo____ 0 . ___0 . _____ 0 . Oo.
230 CRLF 0 . 0 . 3 8 . 0 . 0 . 0 . 0 , 0 . Oo 0 . 0 .
231 QPLE 2 . . _ 0 . . 3 8 . 0 , n . 0. 0 . Oo Oo 0 , 0 ,
232 ORLF 0 . 0 . 3 8 , 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
233 ORLF 0 . .. .. 0 . . . 38. .  .. 0 . 0 . 0 . 0 . 0 . 0 . 0 . Oo
244 ORLE 0 . 0 . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . n. 0 .
245 OPLE 0 , 0 . 3 8 . 0 . 0 . 0 .  .. . „ 0 . 0 . 0 . ......0 , 0 .
246 ORLF 0 . 0 . 3 8 . 0 , 0 . Oo 0 , Oo Oo Oo 0 .
247 ORLE 0 . 0 . . . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . Oo
248 CRLE 0 . 0 , 3 8 . 0 . 0 . 0 . Oo Oo Oo Oo Oo
251 ORLE 3 , 0 . 3 8 , 0 , 0 , Oo . . Oo 0 . Oo Oo .  Oo
252 QRIE 0 . 0 . 3 8 . 0 . 0 . 0 . 0 . Q. 0 . 0 . 0 ,
253 CRLE 1 . 0 . 3 3 , . 0 , - 0 . Oo_____ ......  0 . Oo Oo p..
254 CRLF 0 . 0 . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
255 QRLP .. 3 3 . 0 . 3 8 . - 0 , 0 . Oo . . Oo Oo Oo Oo ... 0 ,
256 ORLE 0 . 0 . 3 8 . 0 , 0 . 0 , 0 . 0 , 0 . Oo 0 .
257 ORLE 0 , . .  . 0 , 3 8 , 0 . 0 , 0 . . . .  0 . Oo 0 . Oo Oo
258 ORLF 0 , 0 . 3 8 . 0 . 0 . 0 . 0 . Oo 0 . 0 . 0 .
270 OPLE Q. 0 . 3 8 . 0 . 0 . Oo. 0 . 0 . 0 . 0 .
271 CRLF 0 , 0 , 3 8 , 0 , 0 , Oo Oo Oo Oo Oo 0 ,
272 QRLE 0 . 0 . ... 3 8 .  _ 0 . 0 . 0 . 0 . Oo 0 . 0 . 0 .
273 pole 0 , 0 , 3 8 . 0 . 0 . 0 . Oo Oo Oo Oo Oo
274 ORLF 0 . _ . 0* 3 8 . 0 . 0 , 0 .  . . 0 . 0 . 0 . 0 . ___  0 .
275 QPLE 0 . 0 . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
276 ORLE 1, 0 . 3 8 , 0 , 0 , 0 . 0 , Oo 0 . _  _ Ot _____ 0 .
277 ORLF 0 . 0 . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
276 PRLF 1 . ____  0 . 3 8 .  , 0 , 0 .  . Oo Oo Oo Oo 0 , Oo
279 ORLE 0 . 0 . 3 8 . 0 . 0 , 0 . 0 . 0 . 0 . 0 . 0 .
290 OBLE 0 . 0 . 3 8 . 0 . ........  0 .  . 0 .  _ 0 . 0 . 0 . 0 . Oo
296 ORLE 1, 0 , 3 8 , 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 ,
297 ORLE 0 . 0 . 3 8 . f l . 0 . 0 . 0 . 0 . — - 2 ' 0 . 0 .298 ORLE 0 , 0 , 3 8 , 0 , 0 , 0 , Oo Oo Oo Oo 0 ,
299 ORLE 0 , 0 . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
TOO OPLE 0 . 0 . 3 8 . 0 . 0 . 0 . 0 . 0 . 0 . 0 , Oo
..301 . ORLE _  ?• .. -  0 , 3 8 . 0 . . .  0 . 0 , 0 , 0 , 0 . 0 , 0 .
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represent TSP, SOg* NÔ , HC and CO, respectively, and each tab le  Is read 
row-wise fo r  the 54 categories; the l a s t  l ine  in the figure  appears in the 
output on a separate page ( i t  was placed in the figure to conserve space) 
and represents the to ta l pa r t icu la te  emissions fo r  the parish for a ll  area 
source categories . Also, a card deck is punched in the IPP format, contain­
ing, for each grid square, the to ta l  suspended p a r t ic le s ,  su lfu r  dioxide, 
oxides of nitrogen, hydrocarbon, and carbon monoxide emissions "SMEARED" 
into each grid  square for a l l  source categories. Figure 12 is  a flow chart 
o f the overall CAASE System.
Sampling data
The NOGE presented a unique a i r  pollution problem in the uptown area of 
New Orleans. As a re s u l t ,  a special TSP sampling network was u til ized  from 
May 1976 through October 1976 by the author and employees of the Louisiana 
Air Control Agency. This sampling network was in i t i a l l y  established due to 
p o l i t ica l  pressure, but a f te r  considerable community pressure, the Louisiana 
Air Control Agency claimed the on-going sampling network as p a rt  of a program 
to monitor the New Orleans Grain Elevator.
I n i t i a l l y ,  nine sampling locations were used to monitor the a i r  around 
the grain e levator. They were as follows:
1. St. Elizabeth Home
2. City Maintenance Building
3. Tennis Club
4. De LaSalle High School
5. DePaul's Hospital
6 . Lighthouse For The Blind
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7. Used' Car Lot
8 . West Bank Boat
9. Continental Cars
Because the Louisiana Air Control Agency found tha t the sampler a t  the Con­
tinen ta l Cars location was supposedly biased, no data was collected a t  tha t  
s i t e  a f te r  the f i r s t  month. Other strange things occurred la te r  in the use 
of the sampling network, and these occurrences will be discussed in a la te r  
chapter. Table 16 shows the final e igh t sampling locations and th e i r  six 
month geometric means.
The NOSMSA study used sampling data from 11 s i te s  located in the metro 
area. These s i te s  were chosen because they a ll  had several years of data 
and were considered as an integral p a rt  of the s t a te 's  a i r  sampling network 
in 1975. Each TSP monitor in both sampling networks was located within the 
two to 15 meters height above the ground as required in Volume 44, No. 92 of 
the Federal Register. Table 17 is  a l i s t in g  of the s i t e s  and the TSP annual 
geometric means for 1975.
COM CALIBRATION
After the study areas were se lec ted , emissions and sampling data col­
lec ted , and a l l  other necessary data compiled, the COM was debugged and 
u t i l iz e d .  The model outputs fo r  each receptor location in the in i t i a l  runs 
in  both study grids are referred to as the calculated (unadjusted) TSP 
concentrations. These concentrations are not valid in th is  form.
To be certa in  that the COM estimates are as accurate as possible, valid­
a tion -ca lib ra tion  is required. Any model may have fau l ts  which cause e s t i ­
mated concentrations to be in e rro r .  Therefore, i t  was necessary to validate 
and ca lib ra te  the model estimates.
Table 16 NOGE Sampling Network S ites 











St. Elizabeth Home 779.68 3313.73 57
City Maintenance Bldg. 779.09 3312.85 93
Tennis Club 778.65 3313.12 73
De LaSalle High School 778.82 3314.02 62
DePaul's Hospital 777.64 3313.83 54
Lighthouse For Blind 777.72 33312.73 74
Used Car Lot 779.57 3310.86 73
West Bank Boat 777.33 3311.15 99
Table 17 NOSMSA Sampling Network S ites  
(1975 Annual Geometric Means ug/m3)










Kaiser 791.55 3315.58 62
Harvey 782.87 3311.72 58
Metairie 775.63 3319.15 65
Civic Center 782.18 3316.79 71
Magazine S tree t 782.84 3316.06 6 6
Algiers Pump Station 789.94 3310.82 40
Robert E. Lee Blvd. 779.82 3324.24 40
Oownman Road 787.10 3324.86 61
Water Purif ica tion  Plant 776.96 3317.58 70
North Broad 782.91 3320.93 61
City Maintenance Bldg. 779.09 3312.85 1 1 0
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Correlation Analysis
In the COM validation process, the dispersion model is  affected by the 
location , exposure, and representativeness of the a i r  quality  sampling s i te s  
and by the accuracy and completeness of the a i r  quality  data i t s e l f .  In order 
to  validate  the COM for the NOGE and NOSMSA study, the corre la tion  coeffic ien t 
was used as the indicator of v a lid i ty .  In the NOGE study, the computed 
corre lation  coeffic ien t was 0.896 and a 0.5% confidence corre la tion  was 
0.819. This means th a t  greater than 99.5% of the time, the COM can account 
fo r  80.3% of the varia tions between calculated concentrations and observed 
concentrations. In the NOSMSA study, the computed corre la tion  coeffic ien t 
was 0.781 and a 0.5% confidence corre lation  was 0.726. This means th a t  
g rea ter than 99.5% of the time, the COM can account fo r  61% of the variations 
between calculated concentrations and observed concentrations in th a t  study.
Regression Analysis
Once the COM estimates have been determined to be acceptable, they must 
be calib ra ted . The ca lib ra tion  should account for systematic e rro rs  in 
estimates. A model is  calibra ted  by comparing the calculated concentration 
estimates to observed a i r  qua lity . Then by use of a regression equation, a 
means for adjusting the individual model estimates is  developed. I f  c a l i ­
bration constants of the l inear  expression
C  = A + BC 
where C = calibrated  concentration 
A,B = Calibration constants 
C = computed concentration 
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The final NOGE COM calib ra tion  run calculated a regression equation 
with a slope of 2.279 and an in tercept of 9 .8 . Figure 13 i s  the NOGE graph 
of the COM (unadjusted) calculated concentrations (X-axis), observed concen­
tra tions  (Y-axis), and the le a s t  squares best f i t  regression line  (equation).
The f ina l  NOSMSA COM calibra tion  run calculated  a regression equation 
with a slope of 3.455 and an intercept of 12.7. Figure 14 is  the NOSMSA 
graph of the COM (unadjusted) calculated concentrations (X-axis), observed 
concentrations (Y-axis), and the lea s t  squares best f i t  regression l in e  
(equation).
With the known calib ra tion  constants fo r  each study area, the model 
can output the calculated (adjusted) TSP concentrations fo r  each receptor 
s i t e  of in te re s t .  For example, Tables 18 and 19 show the observed concen­
t ra t io n s ,  calculated (unadjusted) concentrations, and calculated (adjusted) 
concentrations fo r  the NOGE sampling s i te s  and NOSMSA sampling s i te s  
respectively.
COM Output
After v a lid i ty  te s ts  were conducted and ca lib ra t ion  constants determined, 
the COM was used with study parameters for a valid run. In th is  f inal run, 
output data from the COM comes in the form of punched cards and computer 
prin t-out sheets . For each receptor location the coordinates can be shown in 
tables along with the calculated (unadjusted) contribution due to area and 
point sources in micrograms per cubic meter to the nearest whole number. The 
tables also contain the calculated (adjusted) concentrations and any prev­
iously observed concentrations for each receptor. Table 20 is  an example 
of the output data fo r  some receptor locations in Orleans Parish.
Table 18 Final CDM Calibration Run Results for Grain Elevator 
Study (1976 6-Month Geometric Means, ug/m3)







St. Elizabeth Home 779 .68 3313 .73 57 2 0 55
City Maintenance Bldg. 779 .09 3312 .85 93 31 80
Tennis Club 77 8 .65 3313.12 73 31 80
De LaSalle High School 77 8 .82 3314.02 62 2 1 59
DePaul's Hospital 777 .64 3313 .83 54 2 1 57
Lighthouse For Blind 7 7 7 .72 33312 .73 74 32 84
Used Car Lot 779 .5 7 3310 .86 73 . 29 76
West Bank Boat 7 7 7 .3 3 3311 .15 99 37 95
•vj
VO
Table T9 Final CDM Calibration Run Results for Orleans, JeffersonSt. Bernard“and Plaquemine Parishes 







_________ (Micrograms/ cu meter)
Observed Calculated Calculated (Unadjusted) (Adjusted)
Kaiser 791.55 3315.58 62 10 48
Harvey 782.87 3311.72 58 12 55
Metairie 775.63 3319.15 65 11 51
Civic Center 782.18 3316.79 71 16 70
Magazine Street 782.84 3316.06 66 18 74
Algiers Pump Station 789.94 3310.82 40 12 54
Robert E Lee Blvd. 779.82 3324.24 40 13 57
Downman Road 787.10 3324.86 61 17 71
Water Purification Plant 776.96 3317.58 70 14 62
North Broad 782.91 3320.93 61 15 65
City Maintenance Bldg. 779.09 3312.85 110 25 99
Qltoa>
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TABLE 20 RECEPTOR LOCATIONS OUTPUT BY CDM
AREA
C O M  V E R S I O N  7 m  
( M I C R O C R A M S  P E R  
P O l N t
1 4  « R U N  I
C U B I C  M E I E R )
TOTAL
C O O R O I N A T E S P 1
7 7 5 . 2 4 3 3 1 0 . 8 2
7 7 6 . 0 0 3 3 1 0 . 8 0
7 7 6 . 7 5 3 3 1 0 . 8 2
7 7 7 . 5 3 3 3 1 0 . 6 4  . . . . . . . . . . . . .
• 7 7 8 . 2 8 3 3 1 0 . 8 6
7 7 9 . 0 6 3 3 1 0 . 8 5
7 7 9 . 8 1 3 3 1 0 . 8 7
7 8 0 . 5 6 3 3 1 0 . 6 9
7 3 1 . 3 4 3 3 1 0 . 9 1
7 8 2 . 0 9 3 3 1 0 . 9 0
7 8 2 , 6 7 3 3 1 0 . 9 2
7 7 5 . 2 3 • -  3 3 1 1  . 5 5  * " ^ “* ■
7 7 5 . 9 8 3 3 1 1 . 5 7
7 7 6 . 7 5 3 3 1 1 . 5 9
7 7 6 . 7 5 3 3 1 1 . 5 9_  . .
7 7 7 . 5 1 3 3 1 1 . 6 1
7 7 8 * 2 9 3 3 1 1 . 6 0
7 7 9 . 0 4 3 3 1 1 * 6 2
7 7 9 . 7 9 3 3 1 1 . 6 4
7 8 0 . 5 7 3 3 1 1 . 6 6
7 8 1 . 3 2 3 3 1 1 . 6 5
7 8 2 . 1 0 3 3 1 1 . 6 7
7 3 2 . 8 5 3 3 1 1 * 6 9
7 7 5 . 2 1 3 3 1 2 . 3 3
7 7 5 . 9 9 3 3 1 2 . 3 5
7 7 6 . 7 4 "  3 3 1 2 . 3 6  - - - - - - - - -
7 7 7 . 4 9 3 3 1 2 . 3 5
7 7 8 . 2 7 3 3 1 2 . 3 7  - - - - -
7 7 9 . 0 2 3 3 1 2 . 3 9
7 7 9 . 6 0 3 3 1 2 . 4 1
7 8 0 . 5 5 3 3 1 2 . 4 0
7 8 1 . 3 0 "  3 3 1 2 . 4 2  - - - - - - - - - - -
7 8 2 . 0 8 3 3 1 2 . 4 4
7 8 2 . 8 3 3 3 1 2 . 4 6  . . . . . . .  "
7 7 5 . 2 1 3 3 1 3 . 1 0
7 7 5 . 9 6 3 3 1 3 . 1 1
7 7 6 . 7 2 3 3 1 3 . 1 0
7 7 7 . 5 0 3 3 1 3 . 1 2
7 7 8 . 2 5 3 3 1 3 . 1 4
7 7 9 . 0 2 3 3 1 3 . 1 6
7 7 9 . 7 8 3 3 1 3 . 1 5
7 8 0 . 5 3 ■ 3 3 1 3 . 1 7  - .....
7 8 1 . 3 1 3 3 1 3 . 1 9
7 8 2 . 0 6 3 3 1 3 . 2 1
7 8 2 . 6 4 3 3 1 3 . 2 0
7 7 5 . 1 9 3 3 1 3 . 8 7
7 7 5 . 9 5 3 3 1 3 . 6 5
7 7 6 . 7 2 3 3 1 3 . 8 7
7 7 7 . 4 8 3 3 1 3 . 8 9
7 7 8 . 2 3 3 3 1 3 . 9 1  ■ "  ■
7 7 9 . 0 1 3 3 1 3 . 9 0
P  2 "  P  1 P  2  " p  :
7 . 1 2 . 7 . 1 5
8 . ' " "  1 9 . 8 . 2 2
8 . 1 6 . 7 . I 9
9 . " ■  2 8 . 9 . 3 2
9 . 4 1 . 7 . 4 5
9 . 3 3 . 7  . 3 7
9 . 2 1 . 7 . 2 5
9 . 1 4 . 7 . 1 8
9 . 1 8 . 8 . 2 2
1 0 . 1 4 . I B
1 0 . 1 1 . a . 1 5
1 7 . • *i#» J  ^ 1 7
8 . 2 6  • 8  # 2 9
9 . - 1 9 . 7 . 2 3
9 . 1 9 . 7 . 2 3
9 . .  -  2 4 . • 1 0 . 2 8
9 . 4 7 . 7 . 5 1
1 0 . 5 2 . . . . . . . ..  "  8 .  - - - - - - - - 5 6
1 0 . 2 3 . 7 . 2 7 ,
1 1 . ■ 2 7 . 8 . 3 1
1 1 . 1 9 . 8 . 2 3
1 1 . - - - - - - - - - - 1 5 . 1 9
1 1 . 1 3 . 9 . 1 7
7 . - ------- 1 , . 2 2
8 . 2 2 . 8 . 2 6
9 . -- - - - - - - - - - - - 7 .  " 2 1
1 1 . 2 1 . 8 . 2 7
1 2 . ■ 2 5 . 7 . 3 1  (
1 4 . 3 6 . 7 . 4 2
1 5 * - - - - - - - - - - - 2 3 . - - --  ■ 7 . . . . . . . . . . . . . 2 9
1 5 . 1 7 . 8 . 2 2
1 5 . 13. ' 9 .  ' — 1 6  <
1 4 . 1 1 . 1 2 . 1 6
1 4 . - - - - - - - ~  9 , 1 3 . . . . . . . — 1 4
7 . I S . 9 . 1 8
8 . '  3 7 . 9 .  " 4 1
9 . 2 9 . 7 . 3 4
1 2 . 2 3 . ’ ' "  ■ 8 . 2 9
1 4 . 2 1 . 7 . 2 8
1 6 . - - - - - - - - - - 2 3 . 3 0
1 7 . 1 6 . 7 . 2 3
1 8 . . . . . . . . . . . . . 1 3 . 8 . 2 0
1 7 . 1 1 . a. 1 6
1 6 . ' 1 C . 9 . 1 6
1 5 . 9 . 1 0 . 1 5
8 . - - - - - - - - - 1 7 . 2 1
9 . 2 9 . 7 . 3 3
1 0 . - - - - - - - - - 1 7 . ■■ 8 .  ■■ ■ ■— 2 2
1 3 . 1 4 . 7 . 2 1
1 5 . ■ .....  1 4 . " 7 . 2 2
1 8 . 1 4 . 8  • 2 2
P 2
1 4 .  
- 1 5 .
1 5 .  
1 7 .  
l b .  




1 6 .  
19.
" 1 4 .
l b .






• 1 6 .
l9- 
■ 2 0 . 
21.
1 5 .
1 6 .  
1 6 .  
1 9 .
1 9 .  
2 2 . 
2 3 .
2 3 .
-  2 4 . '  
2 b .  
2 7 .  
l b .
■ 1 7 .  
1 7 .
2 0 . 
2 1 .
• 2 4 .
2 4 .
2 5 .
2 6 . 
2 6 .  
2 5 .  
1 7 .
16.
1 7 .  
2 1 . 
2 2 . 
2 5 .
c a l i b r a t e d
P  1
4 3 .
6 1 . - - - - - - - - -
S 3 .
8 2 .
1 1 3 .
9 5 .
6 7 .
















-  5 7 .  . . . . . .
7 1 .
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1 0 5 .
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6 1 .
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4 b .
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5 2 .
1 0 4 .  . . . . . . .
86.
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7 3 .
7  7 .  “  
6 3 .
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TABLE 20 (CONTINUED). RECEPTOR LOCATIONS OUTPUT BY CDM
COORDINATES 
7 7 9 . 7 6  5313
7 6 0 .5 4
7 S 1 .2 9
7 8 2 .0 7
7 8 2 .8 2
7 7 5 .1 8
7 7 5 .9 6
7 7 6 .7 1
7 7 7 .4 6
7 7 3 .2 4
7 7 8 .9 9
7 7 9 .7 6
7 8 0 .5 2
7 8 1 .2 7
7 8 2 .0 5
7 8 2 .8 0
7 7 5 .1 6


















7 7 6 . 6 9 __ 3315
7 7 7 .4 6  3315
7 7 8 .2 2
7 7 8 .9 7
7 7 9 . 7 5
7 6 0 .5 0
7 8 1 .2 8
7 8 2 .0 3
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8 . _____ 1 9 .
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17 .  
17 .  
1 6 .
P 2
2 7 .  
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Punch cards containing the calculated concentrations a t  each receptor 
were punched fo r  use in computer programs th a t  analyze the information pro­
duced by the CDM. In th is  study, the punched cards were input into a com­
puter program to obtain concentration contours which will be discussed in 
the next chapter.
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CHAPTER IV - RESULTS AND DISCUSSION
In o r d e r  to  b e t t e r  u n d e rs ta n d  th e  r e s u l t s  o f  th e  CDM f o r  
both  s tu d y  a r e a s ,  i t  w i l l  be n e c e s s a ry  to  a n a ly z e  th e  i s o p l e t h  
maps o f  each a r e a .  By u s in g  th e  i s o p l e t h  maps o f  each s tu d y  
a r e a ,  a com plete  p i c t u r e  i s  p re s e n te d  to  compare TSP c o n c e n t r a ­
t i o n s  in  v a r io u s  p a r t s  o f  each s tu d y  a r e a .
NOGE Study
A m o d if ie d  ap p ro a ch  was used in  th e  NOGE s tu d y  f o r  p l o t t i n g  
i s o p l e t h s  o f  c o n c e n t r a t i o n  c o n to u r s .  An a c c u m u la t iv e  c o n to u r  o f  
t h i s  a r e a  i s  p roduced  by runn ing  th e  CDM 15 t im e s  and each t im e  
ad d in g  an a d d i t i o n a l  p o i n t  so u rc e  t h a t  i s  l o c a t e d  in  th e  NOGE 
s tu d y  a r e a .  F ig u re s  15 tho ru gh  29 shows th e  accum ula ted  TSP 
c o n c e n t r a t i o n  c o n to u r s  as each one o f  th e  15 p o in t  s o u r c e s  in  
th e  NOGE was added to  th e  CDM. T able  21 i s  a l i s t  o f  a l l  th e  
p o i n t  s o u rc e s  l o c a t e d  in  th e  NOGE s tu d y  a r e a . One can se e  from 
v iew ing  th e  i s o p l e t h s  t h a t  only  minimal chan ges  in  TSP c o n c e n ­
t r a t i o n s  o c cu r  u n t i l  t h e  Joh ns-M anv i11e p l a n t  e m is s io n s  a re  
i n p u t  i n to  th e  CDM. At t h a t  p o in t  th e  TSP c o n c e n t r a t i o n s  a re  
p r i m a r i l y  l o c a te d  in  two c e n t e r s  in  th e  50yg/m range and immed­
i a t e l y  sp re a d  i n t o  a l a r g e  c i r c u l a r  p a t t e r n  c e n te r e d  in  th e
3
130yg/m ra n g e .  From t h i s  p o in t  on th e  TSP c o n c e n t r a t i o n s  con ­
t i n u e  to  i n c r e a s e  i n t o  a f i n a l  i s o p l e t h  which shows s ix  c i r c u l a r  
p o l l u t a n t  p a t t e r n s  r a n g i n g  from a low o f  60yg/m to a hi gh o f  
138yg/m^.
Figure 15 TSP Concentration Contour of NOGE Study Area
Without Point Sources
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Figure 16 TSP Concentration Contour of NOGE Study Area
With New Orleans Grain Page 86
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Figure 17 TSP Concentration Contour of NOGE Study Area
With the Addition of Ceiotex Corporation
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F igure 18 TSP C oncentration Contour o f  NOGE Study Area 
With the A ddition o f  National Gypsum
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Figure 19 TSF Concentration Contour of NOGE Study Area
With the Addition of Allied Chemical Page 89
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Figure 20. TSF Concentration Contour of NOGE Study Area
With the Addition of Witco Chemical Page 90
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Figure 21 TSF Concentration Contour o f NOGE Study Area
With the Addition of Continental Can
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Figure 22 TSF Concentration Contour of NOGE Study Area
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Figure 23 TSF Concentration Contour of NOGE Study Area
With the Addition of Johns-Manvilie (Marrero) Page 93
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Figure 24 TSP Concentration Contour of NOGE Study Area
With the Addition of Avondale (Westwego)
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Figure 25 TSP Concentration Contour of NOGE Study Area With
the Addition of Seventh S treet Incinerator
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Figure 26 TSP Concentration Contour of NOGE Study Area
With Addition of Gulf S tates Asphalt
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Flqure 27 TSP Concentration Contour of NOGE Study Area With
the Addition of National Gypsum (Westwego) .Page 97
Figure 28 TSP Concentration Contour of NOGE Study Area
With Addition of Amerada Hess Page 98
Figure 29 TSP Concentration Contour of NOGE Study Area With the
Addition of Louisiana Power and Light - Nine Mile Point
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Table 21 
POINT SOURCES IN NOGE STUDY AREA
1. No Point Sources
2. New Orleans Grain
3. Celotex
4. National Gypsum
5. All ied Chemical
6 . Witco Chemical
7. Continental Can
8 . Continental Grain
9. Oohns-Manville (Marrero)
10. Avondale (Westwego)
11. Seventh S t ree t  Incinerator
12. Gulf States Asphalt
13. National Gypsum (Westwego) »
14. Amerada Hess
15. Louisiana Power and Light -  Nine Mile Point
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Since  t h e  t ime  t h a t  t h e  a c t u a l  s t ud y  was comple t ed  and p r e ­
s e n t e d  to  t h e  L o u i s i a n a  A i r  Cont ro l  ag ency ,  t h e  L o u i s i a n a  Air  
Cont ro l  agency has w r i t t e n  a l e t t e r  t o  Jo h n s - M a n v i l i e  implying  
t h a t  t hey  had made a m i s t a k e  in  t h e i r  p l a n t  e m i s s io n s  i n v e n t o r y  
and t hey  s ho u l d  rework t h e i r  e mi s s io ns  t o  r e f l e c t  a l ower  emi s­
s i o n s  i n v e n t o r y .  T h e r e f o r e ,  i f  Oohns-Manvi l l e  in  f a c t  made a 
m i s t a k e ,  t h e i r  TSP c o n c e n t r a t i o n  c o n to u r s  a r e  s l i g h t l y  i n  e r r o r  
and shou ld  be r e r u n  i n  t h e  COM.
When one r ev i ews  t h e  f i n a l  TSP i s o p l e t h  c o n c e n t r a t i o n  con­
t o u r ,  i t  i s  e v i d e n t  t h a t  t h e r e  i s  t h e  d i s t i n c t  p o s s i b i l i t y  t h a t  
many a r e a s  w i t h i n  t h e  NOGE s tudy  a r e a  a r e  i n  v i o l a t i o n  o f  t he  
Na t i on a l  Ambient  Ai r  Q u a l i t y  S t an da rd s  f o r  TSP 75pg/m (Pr imary)
O
and 60pg/m ( s e c o n d a r y ) .  S ince  t h e  s ampl ing  ne twork i n  t h e  NOGE 
s t u d y  a r e a  f o r  t h i s  s t u d y  was on ly  f o r  s i x  months ,  and removed 
imme d ia t e l y  a f t e r  t h a t  t i m e ,  a d d i t i o n a l  s amp l ing  i s  n e c e s s i t a t e d  
t o  r e a f f i r m  t h e s e  f i n d i n g s .
I t  s ho u ld  be ment ioned  t h a t  t h e  h igh  volume s amp le r  l o c a t e d  
on t op  o f  t h e  New Or l eans  Maintenance  b u i l d i n g  has been i n d i c a ­
t i n g  v i o l a t i o n s  o f  t h e  NAAQS s i n c e  J a n u a r y  1975.  I t  shou ld  be 
p o i n t e d  o u t  t h a t  t h e  L o u i s i a n a  A i r  Cont ro l  agency q u i c k l y  removed 
t h i s  s am p le r  upon d e c l a r i n g  i t  " b i a s e d "  a f t e r  on l y  3h months o f  
s ampl ing  i n  t h e  NOGE s t u d y .  A f t e r  s e v e r a l  a t t e m p t s  t o  show the  
L o u i s i a n a  A i r  Con t ro l  agency methods t o  v a l i d a t e  t h i s  s a m p l e r ' s  
d a t a  and p rove  t h a t  t he  d a t a  was v a l i d  f a i l e d ,  t h e  da t a  was used 
i n  t h e  NOGE s t u d y  r e g a r d l e s s .  T h e i r  a c t i o n s  seemed t o  be a 
d e l i b e r a t e  a t t e m p t  t o  "can"  meaningful  TSP d a t a  i n  t he  s t u dy  a r ea
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NOSMSA Study
In t he  NOSMSA s t u d y ,  t h e  COM was run  on ly  once w i th  a l l  
e mi s s io n  s o u r c e s  i n c l u d e d .  The r e s u l t s  were p l o t t e d  u s ing  
i s o p l e t h s  o f  TSP c o n c e n t r a t i o n  c o n t o u r s  f o r  t h e  e n t i r e  s t u d y  
a r e a .  F igu re  30 shows t h e  c o n c e n t r a t i o n  c o n t o u r s  o v e r l a y e d  
ov e r  a map o f  t h e  NOSMSA s t u d y  a r e a .  The TSP c o n c e n t r a t i o n
3
c o n to u r s  i n d i c a t e  an a r e a  i n  Cha lmet t e  in  t h e  300yg/m r a n g e ,  
an a r e a  around t h e  I n d u s t r i a l  Canal i n  New O r l ean s  E a s t  i n  t he
O
130yg/m r a n g e ,  and a n o t h e r  a r e a  uptown a long  t he  M i s s i s s i p p i  
River  in  t h e  200yg/m r a n g e .  The COM's c a l c u l a t e d  ( a d j u s t e d )
TSP c o n c e n t r a t i o n s  seems t o  i n d i c a t e  t h a t  t h e s e  a r e a s  w i t h i n  
t he  NOSMSA s t u d y  p o s s i b i l i t y  exceed NAAQS s t a n d a r d s .
A Ka i s e r  Aluminum p l a n t  i s  l o c a t e d  in t h e  high c o n c e n t r a ­
t i o n  Cha lmet t e  a r e a .  The COM was i n i t i a l l y  run  w i th  t h e  most  
u p - t o - d a t e  e m i s s io n  i n v e n t o r y  a v a i l a b l e .  S inc e  t h e n ,  Ka i s e r  
has pu t  i n t o  use  new a i r  p o l l u t i o n  c o n t r o l  equ ipment  and t h e s e  
s tudy  r e s u l t s  do no t  r e f l e c t  t h e  change in t h e  e m i s s io n  i n v e n ­
t o r y .  Even w i t h o u t  t h e  new Ka i s e r  e m i s s i o n s ,  t h i s  Cha lmet t e  
a r e a  w i l l  p ro b a b l y  s t i l l  e x p e r i e n c e  h igh  c o n c e n t r a t i o n s  because  
o f  i t s  h i g h l y  i n d u s t r i a l i z e d  communi ty.  From th e  i s o p l e t h  p i c ­
t u r e s ,  i t  i s  e v i d e n t  t h a t  t h e  COM model i s  i n d i c a t i n g  t h e  major  
"ho t  s p o t s "  as t h o s e  t h a t  a r e  i n d i c a t i v e  o f  h i g h l y  i n d u s t r i a l ­
i z e d  a r e a s .  These "h o t  s p o t "  a r e a s  a r e  a l l  l a r g e  c e n t e r s  o f  
i n d u s t r y  a long  t h e  M i s s i s s i p p i  R ive r  which a r e  ve ry  i n d i c a t i v e  
o f  high p a r t i c u l a t e  e m i s s i o n  d e n s i t i e s .
When a n a l y z i n g  t h e  m e t r o p o l i t a n  a r e a  w i th  t h e  COM, a l l
Fiaure 30 TSP Concentration Contour fo r  the KOSMSAL—i.
a L u w y  f \ i  e a  iV» "■ • • »
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s o u r c e s  o f  p a r t i c u l a t e  e m i s s i o n s  shou l d  be i n c l u d e d  i n  t he  
s t u d y .  In t h i s  r e s e a r c h  s t u d y ,  t h e  COM which was used f o r  
e s t i m a t i n g  ambien t  c o n c e n t r a t i o n s  o f  TSP assumes t h a t  t h e  p a r t ­
i c l e s  d i s p e r s e  as a ga se s  and emanate  from wel l  d e f i n e d  s o u r c e s .  
U n f o r t u n a t e l y ,  in  many a r e a s ,  p a r t i c u l a r l y  where t h e  a i r  q u a l i t y  
s t a n d a r d s  a r e  no t  be ing a t t a i n e d ,  t h e s e  a s sumpt ions  may not  
h o ld .  Windblown d u s t s ,  unpaved r o a d s ,  a g r i c u l t u r a l  t i l l i n g ,  
a g g r e g a t e d  s t o r a g e  p i l e s  and heavy c o n s t r u c t i o n  o p e r a t i o n s ,  a l l  
o f  which a r e  o f t e n  r e f e r r e d  t o  as f u g i t i v e  d u s t  s o u r c e s ,  can be 
s i g n i f i c a n t  so u r c e s  o f  p a r t i c u l a t e  m a t t e r .  (30)  EPA has  s e v e r a l  
on -go ing  s t u d i e s  conce rned wi th  f u g i t i v e  so u rc e s  o f  d u s t .  
However,  a t  t h i s  t ime no w ide ly  a p p l i c a b l e  model i s  a v a i l a b l e  
f o r  r o u t i n e l y  e s t i m a t i n g  p a r t i c u l a t e  m a t t e r  c o n c e n t r a t i o n s  where 
f u g i t i v e  s o u r c e s  a r e  s i g n i f i c a n t  o r  d e p o s i t i o n  o f  m a t t e r  i s  a 
major  f a c t o r .  (31)  Because  o f  t h i s  and t he  l a c k  o f  a proven 
method o f  d e t e rm i n i n g  t h e  e m i s s io n s  from f u g i t i v e  s o u r c e s ,  the  
f o u r  p a r i s h  f u g i t i v e  so u rc e  e m i s s i o n s  were no t  i n c l u d e d  i n  t he  
COM r u n s .
However,  we shou ld  t a k e  a b r i e f  h y p o t h e t i c a l  l ook  a t  t he  
i n c l u s i o n  o f  t he  f o u r  p a r i s h  f u g i t i v e  sou rce  e m i s s i o n s  and t h e i r  
e f f e c t s  on t h e  r e g r e s s i o n  s l o p e  and i n t e r c e p t .  In each o f  t he  
f o u r  p a r i s h e s  i n  our  s t u d y ,  t h e  f u g i t i v e  d u s t  e m i s s i o n s  from 
unpaved roads  were s i g n i f i c a n t l y  h i g h e r  t han t h e  e m i s s i o n s  from 
t h e  o t h e r  so u r c e s  o f  f u g i t i v e  d u s t s .
Tab l e  22 i n d i c a t e s  a g e n e ra l  comp a r i s i on  o f  t h e  c o n t r i b u ­
t i o n s  o f  so u r c e  c a t e g o r i e s  t o  TSP e m i s s io n s  f o r  each o f  t h e
Table 22 Comparisons of Contributions of Source Categories to TSP
Emissions (Tons/Year)
Parishes Total Emissions Point Sources Percentage of Area Source Percentage of 
(Tons/Year) (Tons/Year) Total Emissions (Tons/Year) Total Emissions
Orleans 8272.1 3448 41.7 4824.3 58.3
Jefferson 6609.8 4330.4 65.5 2279.4 34.5
Plaquemine 985.5 572.2 58.1 413.3 41.9







f o u r  p a r i s h e s  i n  t h e  s t u d y .  Tab l e  23 i n d i c a t e s  t h e  s i g n i f i c a n t  
p e r c e n t a g e s  o f  c o n t r i b u t i o n  t h a t  unpaved roads  would make t o  
t h e  a r e a  s o u r c e  emi s s ion s  o f  each p a r i s h  i f  added i n t o  t h e  COM 
r u n s .  In an EPA paper  w r i t t e n  by Haws and by t e l e p h o n e  c o n v e r ­
s a t i o n s  w i th  him,  i t  was i n d i c a t e d  t h a t  t he  e f f e c t  o f  t h e  r e ­
moval o f  a v a r i o u s  p e r c e n t a g e s  o f  t o t a l  TSP e m i s s i o n s  from 
unpaved r oad s  i s  l i n e a r  a l t h o u g h  t h e  p e r c e n t a g e  r e d u c t i o n  
a c r o s s  s e v e r a l  m o n i t o r i n g  s t a t i o n s  may va ry .  (32)  The removal  
o f  such s i g n i f i c a n t  p e r c e n t a g e s  o f  t h e  t o t a l  e m i s s io n s  i n  t he  
i n v e n t o r y  would cause  an e x p e c t e d  d e c r e a s e  in  t h e  r e g r e s s i o n  
s l o p e  and i n t e r c e p t .  In t h i s  c a s e  t h e  e mi s s io ns  from unpaved 
r o a d s ,  i f  add ed ,  would amount t o  ap p ro x i m a t e ly  a 30 p e r c e n t  
i n c r e a s e  i n  t o t a l  emi s s ion  o f  t h e  o v e r a l l  s t u d y  a r e a .
I d e a l l y  we a r e  s e a r c h i n g  f o r  a r e g r e s s i o n  s l o p e  o f  one and 
r e g r e s s i o n  i n t e r c e p t  o f  z e r o ,  bu t  in  t h i s  r e s e a r c h  s t u d y  we 
could  p o s s i b l y  l ower  t he  r e g r e s s i o n  s l o p e s  and i n t e r c e p t s  by 
as much as 30 p e r c e n t  w i th  t h e  a d d i t i o n  o f  unpaved r o a d s .  This  
would t hen  e x p l a i n  why we have t h e  h i g h e r  r e g r e s s i o n  s l o p e  and 
i n t e r c e p t  numbers f o r  our  c u r r e n t  r e g r e s s i o n  e q u a t i o n s .
Table 23 Comparisons o f Contributions o f Unpaved Roads to Other Source Category
Emissions (Tons/Year)
Emissions Source Categories Orleans Jefferson Plaquemines S t. Bernard
Total Emissions (Tons/Year) 8272.3 6609.8 985.5 6048.0
Point Sources (Tons/Year) 3448.0 4330.4 572.2 5677.9
Percentage o f Total Emissions 41.7 65.5 58.1 93.3
Area Sources (Tons/Year) 4824.3 2279.4 413.3 370.1
Percentage o f  Total Emissions 58.3 34.5 41.9 6 . 1
Unpaved Roads (Tons/Year) 423.0 2354.0 3504.0 3008.0
Percentage o f Area Source Emissions 8 . 8 103.3 847.8 812.7






CHAPTER V -  SUMMARY AND CONCLUSION
The a p p l i c a t i o n  o f  t h e  COM to t h e  New Or leans  a r e a  was 
t h e  f i r s t  a t t e m p t  a t  a i r  p o l l u t i o n  model ing in L o u i s i a n a  i n  
which the  L o u i s i an a  A i r  Cont rol  agency p a r t i c i p a t e d  in  a 
c o - o p e r a t i v e  e f f o r t .  As o f  t h i s  w r i t i n g ,  i t  s t i l l  i s  t h e  on ly  
a t t e m p t  of  any kind o f  model ing which r e l a t e s  TSP e m i s s io n s  in 
t h e  New Or leans  M e t r o p o l i t i a n  a rea  t o  a i r  q u a l i t y .
Acqui r i ng  and i n p u t t i n g  t h e  COM i n t o  t h e  computer  sys tem 
a t  t h e  S l i d e l l  NASA Computer Cen te r  was p robab ly  t h e  e a s i e s t  
p a r t  o f  t h e  a p p l i c a t i o n  p r o c e s s .  The t a s k  o f  o b t a i n i n g  t h e  
n e ce s s a r y  i n p u t  d a t a  f o r  t h e  COM run was t h e  more c o m p l i ca t e d  
r eq u i r e me n t  o f  t h e  r e s e a r c h  p r o j e c t .  This  began wi th  s e a r c h i n g  
th rough  emi ss ion  i n v e n t o r y  q u e s t i o n a i r e s  f i l e s  on a l l  i n d u s t r i e s  
i n  t h e  s t udy  a r e a .  Compil ing a l l  e x i s t i n g  a i r  s ampl ing  d a t a ,  
and c o l l e c t i n g  new a i r  sampl ing da t a  f o r  e ve n tu a l  compar ison  to  
COM c a l c u l a t e d  c o n c e n t r a t i o n s  f o r  v a r i o u s  l o c a t i o n s  in  t h e  
s t u dy  a r e a s ,  was n e x t  on a long l i s t  o f  d a t a  r e q u i r e m e n t s .  
F i n a l l y ,  a l l  t h e  d a t a  r eq u i r e m e n t s  were met and COM was e v e n t ­
u a l l y  a p p l i e d  t o  two s t u dy  a r e a s ,  NOGE and NOSMSA. The CDM's 
a p p l i c a t i o n  to  both s t u d y  a r e a s  was t o  s e r v e  as a v a l i d a t i o n  
method o f  t h e  COM and to  demons t r a t e  t h e  a p p l i c a t i o n  o f  t h e  COM 
wi th  c e r t a i n  s u b - o b j e c t i v e s  i n  mind.
The most  p r a c t i c a l  p rocedu re  f o r  d e s c r i b i n g  t h e  accom­
p l i sh me n t s  o f  t he  CDM's a p p l i c a t i o n  and making v a l i d  c o n c l u s i o n s  
t h e r e i n ,  w i l l  be t o  r e f e r  back to  t he  purpose  and scope o f  t h i s
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r e s e a r c h  p r o j e c t  as  ment ioned  on pages  03 and 04. There­
f o r e ,  t he  a ccompl i shmen t s  and c o n c l u s i o n s  o f  t h i s  COM a p p l i ­
c a t i o n  a r e  summarized as f o l l o w s :
1.  The COM was a p p l i e d  t o  t h e  NOGE s t u d y  a r e a  and NOSMSA 
s t ud y  a r e a  and d e t e r m i n a t i o n s  o f  o v e r a l l  q u a l i t y  
l e v e l s  o f  TSP were c a l c u l a t e d .  The model has s p e c i f ­
i c a l l y  c a l c u l a t e d  TSP c o n c e n t r a t i o n s  f o r  v a r i o u s  
r e c e p t o r  l o c a t i o n s  in  both  s t u d y  a r e a s .  The i s o p l e t h s  
p r ov i de  a p i c t o r i a l  view o f  TSP c o n c e n t r a t i o n s  in  t h e  
r e s p e c t i v e  s t u d i e s .
2.  When compar ing ambien t  a i r  q u a l i t y  l e v e l s  i n  t h e  
NOGE and NOSMSA to  t h e  c a l c u l a t e d  ( a d j u s t e d )  TSP 
c o n c e n t r a t i o n s  f o r  each s t u d y  a r e a ,  one must  keep i n  
mind t h a t  t h e  c a l c u l a t e d  ( a d j u s t e d )  c o n c e n t r a t i o n s  
a r e  only  as  good as t h e  i n p u t  d a t a .  I t  i s  r e a l i z e d  
t h a t  a l l  a i r  q u a l i t y  i n p u t  d a t a  shou ld  c ove r  t h e  same 
annual  p e r i o d  t o  be i d e a l l y  r e p r e s e n t a t i v e  o f  t h a t  
a r e a .  In t h i s  r e s e a r c h  p r o j e c t ,  i t  was i m p o s s i b l e  t o  
have a l l  i n p u t  d a t a  r e p r e s e n t i n g  t he  same annual  
p e r i o d .  Va l i d  t yp es  o f  a i r  p o l l u t i o n  d a t a  f o r  t h e  
same t ime p e r i o d  was n o t  a v a i l a b l e .  Thus v a l i d  da t a  
f o r  each c a t e g o r y  was c o l l e c t e d  and c o o r d i n a t e d  to  
app ly  as c l o s e l y  as p o s s i b l e  t o  t he  y e a r  1975.
3.  Obv ious ly ,  t h e  COM does t en d  t o  over  c a l c u l a t e  TSP 
c o n c e n t r a t i o n s  in  some a r e a s .  The r e a s o n s  f o r  t h e s e  
d i s c r e p a n c i e s  have a l r e a d y  been d i s c u s s e d  in  Cha p t e r  
Two on t h e  COM sh o r t c o m i n g s .  But ,  i f  we t a k e  a l l
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t h e s e  sho r t c omin gs  i n t o  c o n s i d e r a t i o n ,  t h e  COM has 
p r o v i d ed  us w i th  i n i t i a l  b a s e l i n e  a i r  q u a l i t y  concen ­
t r a t i o n s  f o r  t h e  New Or l eans  a r e a  t h a t  was n o n e x i s t e n t  
u n t i l  now. H o p e f u l l y ,  t he  L o u i s i a n a  A i r  Cont ro l  
agency w i l l  u t i l i z e  and b u i l d  upon t h i s  d a t a  base  f o r  
f u t u r e  s i m u l a t i o n  model i ng .
4.  The a p p l i c a t i o n  o f  t h e  COM to  t he  New Or l eans  Met ro­
p o l i t a n  a r e a  c e r t a i n l y  p o i n t s  ou t  two a r e a s  in  t he  
c i t y  which have u n u s u a l l y  h igh  TSP c o n c e n t r a t i o n s .  
These "h o t  s p o t s "  have been i d e n t i f i e d  by t h e  concen ­
t r a t i o n  c o n to u r s  i n  F igu re  30.  A d d i t i o n a l  sampl ing  
o r  r e l o c a t i o n  o f  e x i s t i n g  s ampl ing  s t a t i o n s  can be 
used as  a means o f  v e r i f i c a t i o n  o f  "h o t  sp o t "  
e x i s t e n c e .
5.  In t h e  Gra in  E l e v a t o r  s t u d y ,  i t  was i n i t i a l l y  t hou gh t  
t h a t  t h e r e  was j u s t  one main so u r c e  o f  p o l l u t i o n  in 
t h a t  s t u dy  a r e a .  The model has shown th rough  a s e r i e s  
o f  i s o p l e t h s  o f  TSP c o n c e n t r a t i o n  c o n t o u r s  t h a t  more 
t h a n  one so u r ce  i s  c o n t r i b u t i n g  t o  t h e  o v e r a l l  a i r  
q u a l i t y  in  t h e  Grain E l e v a t o r  s t u dy  a r e a .
6 . Th is  r e s e a r c h  s t u dy  has opened t h e  door  t o  s e v e r a l  
f u t u r e  s t u d i e s  t h a t  would be p e r t i n e n t  t o  t h e  o v e r a l l  
development  o f  an a i r  p o l l u t i o n  c o n t r o l  s t r a t e g y  
program.  Some examples  a r e :
( a )  Study t h e  e f f e c t s  t h a t  v a r y i n g  t h e  wind speed 
and d i r e c t i o n  would have on p r e d i c t e d  concen-
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t r a t i o n s  and s h i f t i n g  o f  TSP " h o t  s p o t "  a r e a s .
( b)  Examine t h e  washout  e f f e c t s  o f  y e a r l y  r a i n f a l l  
amounts on TSP c o n c e n t r a t i o n s  i n  New Or l eans  
SMSA.
(c )  Analyze t h e  TSP sampl ing  f i l t e r s  f rom t h e  TSP 
sampl ing  ne twork  in  t he  NOGE s t u d y  f o r  p a r t i c u ­
l a t e  i d e n t i f i c a t i o n  w i th  r e s p e c t  t o  g r a i n  d u s t  
v e r s u s  o t h e r  t y p e s  o f  p a r t i c u l a t e s .
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